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PREFACE 


TO 


THE FOURTH EDITION: 


Tue present Edition of this work has been increased by 
upwards of an hundred pages of the type used in 
the last. The additions are dispersed through the vo- 
lume, the whole of which has been carefully revised: 
but the reader will find the principal in Chapter V, 
Section 2, where Mr. Kiernan’s discoveries in the ana- 
tomy of the liver are described—in Chapter VIII, where 
M. Breschet’s researches upon the structure of the skin 
are noticed—in Chapter 1X, Section 1, under the head 
of somnambulism; Section 3, in which the anatomy 
of the brain is explained; Section 5, in which. the 
relation of the size and figure of the brain to menty 
ae is examined —in — x, on the oe 
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Chapter XIII, on the proximate cause of inflammation 
—in the Appewdix, in which are given, an analysis of 
Dr. Addison’s and Mr. Morgan’s researches upon the 
absorption of poisons, the results of Dr. Beaumont’s 
inspection of the stomach in the case of Alexis St. Mar- 
tin, the observations of Weber on the sense of touch, 
and an account of Professor Ehrenberg’s discovery of 


tthe tubular structure of the brain and nerves. 


The evidence, by which the functions of organs are 
determined, is partly taken from the phenomena of 
disease ; to throw light upon the causes, and preventiou, 
and treatment of which, constitutes on the other hand 
the practical application of physiology. Accordingly, 
in the present volume the reader will find several sub- 
jects entered into, which are elements in the history of 
disordered bodily actions. For a further investigation 
of them, he is referred to the Author’s Outlines of 
Pathology. 


The greater part of an elementary treatise is necessarily 
compiled of the knowledge of others, of facts and con- 
clusigas, which have been progressively accumulating, 
“since science began. If the treatise is compendious, 
the originet ontributions of the Author require to be 

coher ely, like the rest, and are therefore not easily 
aid by readers, who have occasion to refer to them. 
"Oasis acount,” the following index has heen’ inserted 
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of the principal physiological observations in the present 


volume, for which the Author is responsible. 
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The: ary mpathietle’ mer¥é not only gives branches to. +e sixth cerebs 
ctid-to » the, i pal tigt ves, but likewise reeeives branches feom thang’ 961 
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** In the study of anatomy, every man proceeds on the maxim, that nothin. 
in the body of an animal was made in vain ; and when he meets with a part of 
which the use is not obvious, he feels himself dissatisfied, till he discovers 
some at least of the purposes, to which it is subservient. ‘ I remember (says 
Mr. Boyle) that, when I asked our famous Harvey what were the things that 
induced him to think of a circulation of the blood? he answered me, that when 
he took notice, that the valves in the veins of so many parts of the body were 
#0 placed, that they gave a free passage to the blood towards the heart, but 
opposed the passage of the venal blood the contrary way; he was incited to 
imagine, that so provident a cause as Nature had not placed so many valves 
withont design; and no design seemed more probable, than that, since the 
blood could not well, because of the interposing valves, be sent by the veins to 
the limbs, it should be sent through the arteries, and return through the veins, 
whose valves did not oppose its course that way.’ ”’ 
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HUMAN PHYSIOLOGY. 


CHAPTER I. 


OF LIFE AND ORGANIZATION. 


THE globe of the earth is formed of what are termed mineral 
substances, existing either in a solid, or in a liquid, or in a 
gaseous form, Upon or near its surface are found other bodies, 
which either live, or, being dead, preserve some remains of 
that shape and structure which they possessed during life. 
Living bodies are either plants or animals. The varied and 
elaborate mechanism calculated to. perform determinate func- 
tions, which admits of being displayed in the greater number, 
has obtained for the whole the common appellation of organized 
bodies. Mineral substances, on the other hand, which taken 
individually consist of mere aggregations of similar particles, 
are termed unorganized. 

‘Mineral bodies, as contrasted with living organized bodies, 
have been termed inert. Yet every mineral substance has 
properfles, some common to all matter, others pecodiar to itself, 
through which it becomes an importadt-agent in. Nature. The 
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Zz _ Meaning of the Term Life. 


their mixture with decaying animal and vegetable matter, are 
perpetually renovated by a very elaborate process. The vapors 
which rise from land and sea, are the element restored to a pure 
state by spontaneous distillation : the purified element being 
recondensed falls in rain, or hail, or snow, and becoming 

_ impregnated with atmospheric air, is again distributed over the 
earth, to diffuse fertility and health; a succession of pheno- 
mena, that are remarkable from the analogy which they bear 
to the functions of respiration and of the circulation of the 
blood in animals. The properties of unorganized matter again 
determine the alternations of night and day, the recurrance of 
the seasons, the motions of the planetary and sidereal systetn8 == 
a series of changes which may be termed the Life of the 
World. 

In the preceding illustration of its meaning, the term Life is 
employed figuratively. In its direct sense it denotes other 
changes, which occur exclusively in organized bodies. It 1s 
important, however; to bear in mind, that the logical force of the 
term is the same in both instances: in its direct as well as in 
its figurative application, the word life is no more than a 
collective expression for a series of phenomena. 

- The aim of natural philosophy is to ascertain the causes of 
the phenomena of the universe. As soon as by observation and 
experiment the conditions have been determined, under which 
given classes of phenomena manifest themselves, the physical 
eause of such phenomena, or the /aw which regulates them, is 
sail to be discovered ; and some general expression is made use 
of, which strictly indeed denotes no more than the invariable- 
ness of the sequence of events, however it may figuratively 
appear to attribute causation to matter or to mind. The terms 
property and principle are commonly considered in natural 
philosophy equivalent to the term already used: yet each has 
its ion of pete of megy sing, fitting it to convey a different 
eg 
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tion given, we state as the law of gravity the ratio in which 
masses, Of matter are reciprocally attracted; or we observe 
that masses of matter possess a property of reciprocal attrac- 
tion; or we speak of the principle of electricity, or of the 
ptinciple of magnetism, as the unknown causes of certain 
phenomena that are as yet imperfectly understood. Hitherto 
the laws of life, or the properties of living matter, have not 
been determined with precision; and physiologists have shown 
themselves reluctant to disuse the vague term, “a Principle 
of Life,” to which an imaginary and delusive meaning is 
attached by many, who forget that terms of this nature have 
emerenl value, exept as generalized expressions of facts. 

Organized bodies are distinguished from mineral substances, 
not less by their physical character, than by exclusively 
exhibiting the phenomena of life. Animals and plants are 
distributed in species, each of which has a limited bulk and 
peculiar form. Mineral substances on the contrary have no 
limit assigned to their magnitude or variety of figure. The 
former are generally composed of dissimilar parts, the latter 
are homogeneous. The former have in most instances curvilinear 
surfaces; the latter are commonly bounded by right lines. The 
former, which consist of materials produced in the laboratory 
of the living body by delicate combinations of mineral elements, 
are preserved from decomposition by the vital influence alone ; 
and as soon as life has ceased, slowly or rapidly revert to the 
condition of inert matter. The latter, which derive their cha- 
racter from causes of more permanent operation, have - 
tendency to change. : 

Or the study of organized bodies embraces two inquiries, one 
of which regards their structure and composition, the other 
their powers and actions. 

The structure of animals and plants j is taught in anatomy, 
whick*Shows, first, of what tissues 9 “textures the organized 
body is wrought; thie.is GENERA} AMBEDOMY : secondly, how 
these tissues are combined to fe fot organs, and how 
those organs are cinpoma ia Taleo beach: other ; this 3 is 
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modifications are employed in the construction of, different 
parts. Carmichael Smyth and Bordeu were the first to compare 
these common textures. Bichat, with philosophic brilliancy 
endeavoured to systematize the structural elements of the 
entire frame. Such generalizations are extremely useful: but 
the student in pursuing them must remember, that Nature, 
who made systems, 1s herself unfettered by system: that the 
analogical design and uniformity of means which she con- 
tinually employs, are at once deviated from, and new elements 
introduced, for a single occasion even (as in the formation of 
the cornea or the crystalline), when her work would be bettered 
by the innovation. yell 

The orGaNs of the human body are, the bones and joints, 
the muscles and tendons, the brain, nerves, and organs of the 
senses, the digestive apparatus, the lacteals and lymphatics, 
the heart and blood vessels, the respiratory organs, the urino- 
genital system. 

The composition of organized bodies ia taught by chemistry ; 
which shows, first, of what materials the constituent tissues are 
immediately wrought; secondly, to what ultimate elements 
these materials may bereduced. The firstaretermed PROXIMATE 
PRINCIPLES. 

These may for the most part be obtained by very .simple 
processes. Ifa ductile paste is formed by the gradual addition 
‘of water to flour; and the paste is kneaded by the hand and 
‘washed by a slender stream of water, it becomes a grey, tena- 

cious, and highly elastic substance, termed gluten. The water 
employed in the process is rendered turbid and milky; a white 
matter remains suspended in it, which is starch, When meat 
has been boiled in water, oil is observed to separate and float 
upon the surface : another substance extracted from the meat 
is dissolved in the water; this: substance, which gellies on 
cooling, is gelatin: the Lamehan. shreds which reraain aréfbrin,:. 
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and trea, were shown by Gay Lussac and Thenard to have 
essential points of similarity in their composition. They all 
contain, for example, a large quantity of carbon, and their 
hydrogen is in such proportion as to convert all their oxygen 
into water, and their nitrogen into ammonia. No general 
laws have been established relative to the constitution of the 
compounds comprised in the other sections. 

The ULTIMATE ELEMENTS of animal bodies admit of being 
.arranged in two classes; one of which Dr. Prout classes as 
essential, the other as accidental. The first comprises carbon, 
hydregen, oxygen, nitrogen. The following table exhibits the 
‘Proportions, in which these elements are united to form the 
-three commonest proximate principles of animals. 


Carbon. Oxygen. Hydrogen. Nitrogen. 


Fibrin ........... 53.365 19.865 7.021 19.291 
Albumen ..... 52.883 23.872 7.540 15.705 
Gelatin ........ 47.88] 27.207 9.914 ~ 16.988 


The second class comprises almost every other simple body ; ; 
but principally sulphur, phosphorus, chlorine, nuoree, iron, 
potassium, sodium, calcium, magnesium. | 

The decomposition of animal or vegetable bodies is the return 
of their proximate principles to their ultimate elements. The 
process varies as the nature of the decomposed substance varies. 

In many instances changes supervene, which have the effect 
‘of retarding complete resolution. Different sorts of fermenta- 
‘tion furnish products remarkable for the length of time they 
may be preserved unchanged. Where nitrogen is present, as 
‘in most animal and in some vegetable substances, the process 
of decomposition, characterized by its rapidity, its fetor, and 
‘the extrication of ammonia, is termed putrefuction. Within 
a shorjperiod: after death, the human frame undergoes an evi- 
dent change; the features become ‘sharper; the cornea loses its 
‘brightness ; op Gok Then @Meek and abdomen beeome 
discoloured ; the ‘had qos ‘ene Reewtos an offensive ddout’; 
the skin, from which th 5 Cee: sebierates,.-turns successively 
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of moisture, and of atmospheric air or air containing oxygen. 
If either of these agents is excluded, the progress of decom- 
position is arrested. Frozen provisions will keep for an indefi- 
nite period with little change except a diminution of their 
flavour. A dissected limb suspended in a current of air, loses 
its moisture by evaporation, becomes hard and of a brown 
colour, and subsequently remains for a length of time without 
undergoing further alteration. Anda method has been success- 
fully used of preserving the flesh of animals for many months 
free from taint, which consists in inclosing it areeey after 
boiling in metal cases accurately soldered. 

Certain substances are termed antiseptic, with which iter 
animal matter is impregnated, the ordinary mode of decom- 
position is prevented, and another change substituted: after 
which, any further alteration is greatly retarded. Antiseptic 
substances are either of an aromatic nature, such as camphor, 
resins, volatile oils, and bitumens, which have been at various 
times employed in the process of embalming: or acids, sugar, 
certain neutral salts, as nitre and muriate of soda, which are 
principally used for culinary purposes, but some of which are 
serviceable in anatomy. A saturated solution in water of three 
parts of nitre to one of salt, or of nitre alone, injected into the 
blood-vessels, is found to retard decomposition sufficiently long 
to allow time fer the ordinary process of dissection. Of the 
substances that remain, alcohol, which produces less change 
than any othet antiseptic fluid in the appearance of parts im~ 
mersed in it, is peculiarly fitted for the preservation of ana- 
tomical preparations. 

The structure and composition of animal bodies are thus to 
be followed out in anatomy and chemis’ry. The province of 
physiology is to determine the forces with which the same 
bodies are temporarily endowed, and tu explain their, action. 
Upon these subjects the following pages will be employed? In 
this introductory - ‘o- oe eee character will be 
shadowed out. , — 
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green filament, finer than a hair, which is found in streams and 
in stagnant waters. It has no distinct root or leaves: it is 
sometimes attached by means of -a disk to stones in the bank 
or at the bottom. Its structure is uniformly cellular, the 
shape of the cells being oblong. 

The conferva rivularis, when living, is observed to increase 
in length, and to throw out filaments like branches. The added 
parts are similar in structure and composition to the first. 

These phenomena, in which nearly all that is known of 
the vitality of the plant is comprised, imply several distinct 
operations. 

ac dpe plant, in its increase in size and weight, borrows some- 
thing from the medium in which it lives. 

The material borrowed is converted into vegetable matter, 
or is assimilated to the chemical nature of the living body which 
contains it. 

The newly assimilated matter is laid down as a part of the 
plant in a determinate shape and structure. 

The assumption of food, its assimilation, and the deposition 
of the assimilated matter as a part of the frame, are the steps 
by which growth is accomplished, or in which nutrition consists. 
In the instance which has been given, the occurrence of these 
three operations is indeed established less by direct observation 
than by analogical reasoning ; but in the higher plants, each 
part of the process admits of being shown: the imbibition of 
fluid by the radicles ; its ascent in the vessels of, the alburnum 
to the leaf, where its assimilation is accomplished ; the subse- 
quent descent of the assimilated fluid by the vessels of the bark 
to be used in the growth and nourishment of the plant,—are 
demonstrable by experiment. At the same time an additional 
phenomenon presents itself: the growing plant is continually 
eliminating water, and carbon or carbonic acid. Wherever 
vitaljp is active, a constant elimination of carbon takes place ; 
and the exposure of the living plant or animal to atmospheric 
air or to air containing oxygen, is Gbserved to be a necessary 
condition for effecting. the deparatics 
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renovation. The nutriment which they take is believed to be 
used, not merely to add to their bulk, but to replace in each 
part of the frame the materials which have hitherto composed 
it; the old constituent elements being supposed to be simul- 
taneously removed by a process of molecular or interstitial 
absorption, and to be afterwards in part or wholly expelled. 

In the higher plants again, and in animals, an extrication 
of heat occasionally or continually takes place. It would be 
reasonable to view this function as an accidental result of the 
chemical changes which are in operation throughout the frame, 
were it not for the remarkable precision with which it is per- 
formed in the higher animals. In the perfect animal ECON aR 
what is termed a standard temperature is rigorously main- 
tained : provision is made, not merely for getting rid of any 
accidental superfluity of heat, but likewise for furnishing an 
additional supply of caloric, when under opposite circumstances 
the animal heat may happen to be too rapidly abstracted. The 
importance of these provisions is shown by the consequences 
of exceeding their limits. If the temperature of the body be 
for any considerable time raised above, or lowered beneath the 
standard, the animal perishes. 

Growth by nutrition 1s characteristic of life. In the higher 
animals it is usual to consider the process of mternal renova- 
tion already adverted to as an essential part, if not as the main 
object, of nutrition ; but to what extent, or with what interrup- 
tions this renovating process goes on, remains uncertain. 
Several parts in the living frame once formed from assimilated 
matter (the teeth for example), continue alive through their 
simple adhesion to organs in which renovation is presumed to 
take place: and there are instances even of entire organized 
bodies, that retain vitality for a length of time during the 
total suspension of every internal motion. The seeds of plants 
and eggs of animals, if adequately protected against &x.and 
moisture and extremes of temperature, continue alive for months 
and years. The vibrio,, $gitici, a minute animaleule, which is 
the cause of the earoapkles i in wheat, when dried is to all 
appearance deat; but, “after being k ket fet many days. in this 
state, on being eoistened, revives, “a Wea in a lively ‘wan- 
nett. The same fact is well auth i of many ‘of the 


M’animals. A leech frozen ag@ggeeedually thawed will 
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sometimes live. After the preceding facts, it will appear less 
surprising, that a part of a warm-blooded animal, capable of 
being made the subject of such an experiment—the ear of a 
rabbit for instance—may be frozen so as to chip, yet when 
thawed will bleed and inflame and live. 

Living beings are produced by a modification of that process 
which brings them to maturity. Generation in plants and 
animals consists in the formation of a germ, which in time 
separates from the surface upon which it grew, and becomes 
‘an independent living being. It was discovered by Trembley, 
that the nais at one period of its existence spontaneously 
diudes into two unequal parts: to the posterior segment, 
which is a third of the length of the animal, a head is formed, 
to the fore part a tail*. The growth of a germ or embryo upon 
a definite surface in a plant or animal, with its subsequent 
separation, presents no feature that essentially distinguishes it 
from the preceding marvellous instance. 

Upon a strict analysis of the phenomena above enumerated, 
two properties admit of being indistinctly shadowed out, which 
concur with the laws common to living and to dead matter in 
their production. 

I. The changes wrought upon the ingesta during assimilation 
may be ascribed to a principle of Vital Affinity. In order to 
give this term an equal value with the term gravity, physiolo- 
gists require to ascertain the conditions, which essentially pre- 
cede changes in the chemical nature of the elements which 
compose a living body. As the phenomena here adverted to 
strikingly correspond with known effects of chemical agency, 
it is highly probable, that both will eventually be found to 
depend upon modifications of the same general law. 

II. The assumption of foreign matter, and its propulsion 
through the tubes of a living body, may be partially produced 
or padthoted by capillary attraction, by elasticity, by impulse 
communicated from without, ‘by grayity, by electrical attraction 
or repulsion. | ‘In the. majority of inpeances, however, another 
principle is distinctly’ Agape ’*Ferious parts in animals 
and plants, alternately’ iitract and expand, or shorten afd 
clongétt. themsel ved, Shs ip pe'fiom a straight'to astdnsorvated 
figuté, or from the state or iia: 
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circumstances which prevent our referring these phenomena to 
the agency of the causes above enumerated. The tendency 
inherent in certain living textures to pass alternately from one 
of these states to the opposite, is termed Irritability. We call 
the fibre of which the heart is composed irritable; and we 
suppose from the many instances in which the fact admite of 
proof, that the nutritive fluids in all living bodies have 
motion communicated to them by the contraction of the con- 
taining vessels. 

All the phenomena of vegetable life may be explained upon 
the assumption of two vital properties, such as have been 
described, superadded to those of inert matter. Eveg athe 
sensible motions of plants, and the discrimination which some 
evince in the direction of their growth, imply no further agency. 
On these occasions we sometimes, perhaps, feel half-persuaded 
that plants exhibit an obscure degree of consciousness ; but on 
candidly examining the phenomena, however closely some of 
them may correspond with the effects of sensation and instinct, 
it appears certain that they flow from simpler principles. By 
such analogies, in which Nature especially delights, the vast 
interval that exists between minerals and plants is rendered 
less apparent ; and the yet wider break between beings that 
have life alone, and those which both live and feel, is so 
artificially concealed, that we can scarcely determine at what 
point in creation it occurs. 

I made a series of experiments*, with the late Professor 
Burnett, in the summer of the year 1826, to determine the 
source and nature of the motion of the leaves of the mimosa 
pudica. Many of the facts which we observed, we afterwards 
found had been already described by Dr. Dutrochet, and were 
discovered many years earlier by Mr. Lindsay : an account of 
some of them will serve to illustrate the preceding remarks. 

The sensible motions of the mimosa pudica are conised to 
the joints; 1, of the leaf-stalk or petiole with the stem. or 
branch; 2, of the sub-petioles with the leaf-stalk ; 3, of the 
sub-leaflets with-the subspetioles. : 

| During the day-time “the leaf-stalk is raised, the Jeaflets 

diverge, and tle sub-leaflets are ‘expanded, in the manner 
shown in the adjoined sketch. gi : . 


* See Brande’s Journal foe 1897. 


Of the Motion of the Sensitive Plant. }] 


Fig. t. 





In a plant sickly from exposure to cold, this position of the 
leaves ig permanent ; and no sensible motion has been observed 


to follow any kind of excitement that 
has been tried. When the plant is 
healthy, on the contrary, it is difficult 
to approach it without causing several 
of the leaves to fall. If the plant is 
shaken, all drop at once at their 
joints ; at the same time the leaflets 
approach each other, and the sub- 
leaflets become folded in pairs, after 
the manner represented in Fig. 2. 

If the stimulus applied is partial ; 
if, for instance, it consists in cutting a 
single sub-leaflet, that sub-leaflet in- 
stantly rises with its fellow; then the 
next pair, and so on in succession, till 
all upon the same leaflet are folded: 


the leaf-stalk then drops at its jotat's. 


and afterwards all. the remaining 
leaflets close. If a. ‘sub-leaflet have 
been | burnt, the excitement extends 
from one leaf to those joining ; or if 
applied to the stem, or to the flower, 


Fig. 2, 
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which in themselves have no motion, it will thence be propa- 
gated to the leaves. 

A few points among these phenomena deserve to be more 
particularly remarked. 

1. The motion, which takes place at the articulation, is 
produced by an excess of force, not on the side towards which 
the leaf is bent, but on the opposite. This is proved by 
cutting a notch in the intumescence of the joint; upon which 
the leaf-stalk becomes permanently bent towards the wounded 


side. 





The effects of this experiment, which was first made by 
Mr. Lindsay, Dr. Dutrochet well explains, by comparing the 
action of the predominant side of the intumescence to that of 
a curved spring, which has been temporarily held in an ex- 
tended position by an antagonist force, and is allowed to 
resume its incurvated figure. Or the intumescence may be 
said to consist of four such springs opposed to one another, of 
which the two that form the upper surface, distinctly possess 
irritability. 

2. The substance, which conveys the excitement from one 
part to another, has been proved by original experiments of 
Dr. Dutrochet, not to be the bark or the pith, but the 

3. Professor Burnett observed, that when a single leaf with 
its leaf-stalk is removed'with great gentleness from the plant, . 
the irritability ofthe sepireted part remains for a time as lively 
as before. The detached leaf spreads its leaflets as soon as it 
has recovered from the shock attending its removal ; upon the 

guef a stimulus it again cleo them ; ;, after ‘a time 
niehgenasthem. 

agpears by facts which have bai: ‘mentioned, ‘that the , 






Seton 


Of the Motion of the Sensitive Plant. 13 


intumescence, a [fig. 1 and 2]: and that if avy part of the 
plant is sufficiently irritated, this effect follows. But I dis- 
covered that there is one part better calculated than the rest to 
receive impressions; or on which impressions tell, that are 
too slight to produce action in the irritable substance of the 
plant, “when applied elsewhere. This susceptible part is the 
under half of the intumescence b [fig. land 2]: it is of a 
darker colour than the upper surface, and covered with strong 
short hairs. A steel point may be gently moved over, and even 
pressed against the upper surface without producing any sen- 
sible effect ; but the instant that it is applied with the slightest 
contact to the under half, the leaf-stalk falls. Thus the intu- 
mescence has two surfaces possessing different properties: the 
one irritable, the other especially fitted to receive impressions, 
through which the irritability of the first is brought into action. 

A similar provision exists at the articulation of the sub-leaflets. 
If the surface at c [fig. 1] 1s slightly touched, the sub-leaflet 
instantly rises through the action of the posterior part of the 
intumescence, d@ [fig. 2]: but when the experiment is reversed, 
and the surface d in an expanded leaflet is irritated, no sensible 
effect follows. 3 

It is impossible not to be struck with the close analogy 
which holds between the phenomena last des¢ribed and many 
of the instinctive motions of animals. In animals, as in the 
mimosa, one organ being stimulated, another and a different 
part acts: when a particle of dust, for example, is driven 
against the surface of the eye, the orbicular muscle closes the 
eyelids; when a brighter light falls upon the retina, the iris 
contracts. ‘The two cases are nevertheless essentially different. 
In the first, sensation being excited upon one surface of a living 
animal frame, an instinctive action follows in another part. In 
the second, all that we know, or have reason to believe takes 
place,;“amounts to this, that one part of a plant being irritated, 
a physical impression is conveyed from it through the vegetable 

substance to another, which being .£ oe excited assumés an 
incurvated figure. 

The discrimination seemingly seinena by plants is a subject 
no les’ curious than the preceding. Climbing: 
towards objects calculated to support them: a" 
upon a. wall, when it has exhausted the noutishu: 
afforied, has been known to drop a long 
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soil below. The daisy, in rank grass, bears a flower upon a 
long stalk : on a close shaven lawn, its flower is sessile. These 
and similar instances have again been occasionally ascribed to 
an instinct in plants: but nothing can be looser than the 
analogy upon which this conclusion is founded. In animals, 
instinct is a part of consciousness : and although it serves as a 
guide in the selection of proper nourishment, yet it exerts no 
direct influence upon growth, When, for example, an animal 
is transported from a colder to a warmer climate, the change 
which in some instances takes place in the character of the 
integuments, fitting the animal for its new abode, is not wrought 
by instinct. How illogical would it be to attribute instinct to 
plants, in order to account for classes of phenomena, which in 
beings, that unquestionably possess it, result from another 
principle. It is much more philosophical to suppose, that the 
growth of plants is determined by physical impressions alone, 
such as variations of moisture or temperature, and exposure to 
or deprivation of light; and that Nature, instead of imparting 
sense and perception to plants as their guiding principles, has 
attained her purpose by another method, having so framed and 
endowed the vegetable economy in accordance with the circum- 
stances in which it is placed, that the common accidents of the 
elements and of the seasons are likely to bring it to perfection. 
Several remarkable examples go to prove the correctness of the 
preceding views, out of mien it may be sufficient to adduce 
the following. 

Tt is well known, that in whatever position a seed is laid in 
the ground, the plumule invariably rises towards the surface 
of the soil, while the radicle, on the contrary, shoots down- 
wards, something in the manner shown in the adjoined figures. 
Upun the hypothesis that physical impressions determine the 
growth of plants, we should expect to find that gravitation is 
in this instance the influential cause; or that the growth“of the 
radicle necessarily follows the direction of a mechanical force 
or tendency to motion, while that of the plumule goes against it. 

Mr. Knight ascertained this solution to be just, by experi- 
ments, in which another force was made to supersede, or to 
co-operate with, that of gravity. Seeds of the garden bean, 
which had been previously soaked in water, were attached at 

along .the circumferericg, ofa vertical wheel, 
‘made to perform more than 380: ‘yevolutiongcin a. 
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minute. Ina few days the seeds 
began to germinate. In their 
growth the plumule of each 
tended towards the axis of the 
wheel, the radicle in the contrary 
direction. In this case, owing 
to the vertical rotation of the 
wheel,the influence of gravity was 
neutralized ; in its place a cen- 
trifugal force was substituted, by 
which the growing seed was influ- 
enced exactly as before by gravity. 
In another experiment, beans 
similarly prepared were attached 
to the circumference of a hori- 
zontal wheel, which was then set 
in rapid motion: the result was 
not less conclusive than in the 
former instance: the plumule of 
each seed was observed to grow 
in a direction upwards and in- 
wards, while the radicle tended 
downwards and outwards, that is 
to say, in the diagonal of the 
two forces, by both of which, 
according to the hypothesis, it 
should have been blindly in- 
fluenced *. 

From these and similar in- 
stances it appears reasonable to 
conclude, that the vital endow- 
ments of plants are limited to 
two; irritability namely, and 
some modification of chemical: 
affinity. What an immeasurable intetval between their a 
of existence and that of animals. 

The hydra viridis, @ polyp, which in complexity of o - 
zation is infinitely below the higher plants, in its y of cage 
tions is placed as far above them. It is observed 9: ‘move 
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spontaneously from place to place, to attach itself in preference 
to the sunny side of the vessel of water in which it is exposed 
to the study of the curious, to seize its prey by means of fila- 
mentous tentacula and to force it into its digestive cavity ; ir 
sbort, to exhibit a succession of actions, which compel us, 11 
we would not deny consciousness to the dog and to the 
elephant, to attribute sensation and volition to this little gela- 
tinous bell. 

In the polyp, life and consciousness are equally distributed 
through one uniform texture. An unbroken chain of improv- 
ing organization may be traced from this zoophyte upwards to 
man: digestive organs, a vascular system, a respiratory appa- 
ratus, successively appear in the more elaborate frame. While 
these parts are produced, which are appropriated to nutrition or 
to the functions of vegetative life, the nervous system is deve- 
loped, which becomes the exclusive seat of consciousness. 

When a polyp is divided (and the same experiment is fol- 
lowed by the same result much higher in the scale), it becomes 
two living animals. But as the type of organization further 
improves, the animal becomes individualized ; when divided, the 
separate portions are found to be incapable both of independent 
existence ; either both perish, or one alone survives: the animal 
now consists of a single series of organs, the functions of which 
exert a reciprocal influence, and combine to sustain life. 

It is usual to arrange the functions distinguished in the 
human economy under the two classes above adverted to, one 
as the vegetative or organic class, the other as the animal or 
sensitive. 

By the former, nutritious matter is separated from the food, 
is conveyed through the lacteals into the veins, becomes blood, 
and is circulated through the body, which grows and lives 
through its influence : or component particles of the body are 
absorbed, thrown into the circulation, and what are useless eli- 
minated : or the embryo is formed and foecundated, and pone 
attained to fostal maturity, is born. 

By the latter, the human being, through siieation: Because 
acquainted with the world around him, is led to the instinctive 
rratification of his appetites, or under the guidance of reason 
lirects a succession of voluntary eff bat ia higher pur- 
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to the plan of a systematic work upon Physiology. Almost 
every function is partly sensitive, partly. vegetative. Thus we 
discriminate the quality of food by sensation, and swallow it. 
voluntarily to allay an appetite; but of its digestion we are 
unconscious, and cannot by an effort of the will accelerate or 
retard it. 

In this dilemma, it is iets that the adoption of a very 
rigorous method is impracticable, or would serve to give about 
as clear a notion of life, as a separate description of the single 
threads in a piece of tapestry would of its design. Among the 
circle gf functions, again, it is difficult to determine with 
which to begin; but where selection is not easy, it may be 
presumed that the advantages of different plans are so equally 
balanced, as to leave it a matter of small importance, which is 
chosen. 


CHAPTER ITI. 


: OF THE BLOOD. 

Ir any subject is fitter than another to occupy the first place 
in a physiological treatise, it'is the history of the blood. From 
this fluid the body is formed; by its influence life is imme- 
diately sustained. It eonsists, on the ene hand, of new mate- 
rials freshly elaborated from the food, and on the other, of the 
old constituent elements of the frame, that have been returned 
to it through the function of molecular absorption. The frame 
that was, the body that is to be, may be said therefore, without 
too bold a figure, to exist in solution in the blood. 

An assimilated fluid meving in set currents through the 
frame, is an early feature in the vital ceconomy; and modern 
researches have brought this phenomenon to light in instances 
that are wonderfully low in the scale of organization. In the 
year 1820 Schultz observed the motion of a fluid containing 
minute globules in the vessels of the chelidonium ; and every 
one is now familiar with the appearance of a double current in 
the joints of the chara. The visible motion of fluids in plants 
is, however, partial; Schultz gave it the name of cyclosis, to 
distinguish it from a real circulation. - 

Appearances resembling vegetable cyclosis have been recently 
discovered in # gteat number of polypiferous zoophytes, by 
Mr. Lister. In. a specimen of the tubularia indivisa, when 
magnified one hundred times, a current of particles was seen 
within the tubular stem of the polyp, strikingly resembling in 
the steadiness and.continuity of the stream, the vegetable 
circulation “ef the chara. The general course was parallel to 
the slightly spiral lines of irregular spots on the surface of the 
tube,, ascending on the one as and descending on the other. 
In various species of sertularie the stream does not flow in the 
seine constant direction ; ; but after aytere its oy 46, Te- 
tenfied, and it the: either stops ore 1 j 
oe? ia 

mus to its returs in an opposite ; 
E like the ebb‘and flow of the ti 
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designedly obstructed in any part of the stem, those in the 
branches go on without interruption, and independently of the 
rest. 

Thus early is shadowed out a function, which in the higher 
animals is of such moment to life, and the maintenance of 
which is so carefully provided for. ‘To form an idea of the 
human circulation (or of that type common to mammalia and 
to birds, and with slight modifications extending so much 
lower), the student may begin by imagining the entire frame 
to be drilled through with an all-pervading network of mem- 
branoug capillary tubes. These vessels in the human body are 
sts of an inch iy diameter. They are more numerous in some — 
parts than in others; where the network is closest, and the 
capillaries are therefore the most numerous, if the vessels are 
injected with size and vermilion, the part assumes as deep and 
uniform a tint, as if it had been dyed scarlet. 

Into this network of capillaries pervading every part, florid 
or scarlet coloured blood is perpetually flowing, being conveyed 
thither by minute arteries, which are the ultimate branches of 
a single primary arterial trunk, called the aorta, that issues 
from the left ventricle of the heart. Or the capillaries of the 
system admit of being represented as the final subdivisions of 
the branches of the aorta. When passing through the systemic 
capillaries the blood changes in colour from scarlet to purple. —- 

The vessels into which the purple blood escapes from the 
capillaries are termed veins; or the veins may be described as 
formed by the union of two or more capillaries; coalescing, 
they successively form larger and larger trunks ; these end at 
last in three great vessels, which open into the right cavity of 
the heart, and pour the dark blood into tt.“ «. 

Scarlet blood is commonly called arterial, begmuse blood of 
this cadour is usually found in the arteries-of: the ‘body. Dark 
coloured blood is commonly called venous, because the veins of 
the body usually contain dark blood. These terms, however, 
are only just, when applied to the blood in the systemic vessels. 
In the pulmonary circulation the facts are reversed. Pts « € 
purple blood is thrown out of the right cavity of the heart: by 
a single vessel, which is in ‘structure an artery, and the brahghes 
of which are distributed in the lungs ia the same mantfer as 
— of the aorta. eibe “distributed througit® the entire flame. 

itor iba dinkaten s the branches of ‘the pulmonary aaey 
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terminate in a network of capillaries, which is spread out over 
the entire membrane lining the air-cells: in these the blood 
again changes its colour; recovering its former hue from purple 
it now becomes florid. 
This phenomenon appears at first sight a very simple one. 
When purple blood that has been drawn from a vein is exposed 
to atmospheric air, the surface exposed acquires a florid scarlet 
colour: at the same time it is found, that the oxygen of the 
air so employed bas been converted into carbonic acid. In this 
experiment it is evident that the oxygen of the air combines 
with the carbon of the blood, and abstracting it, leaves the 
blood of a brighter colour. Breathing may be considered as a 
process through which a parallel effect is produced upon the 
purple blood in the living body. In the capillaries of the 
lungs, the venous blood is continually exposed to the influence 
of fresh atmospheric air, drawn in at each inspiration. In con- 
sequence of this, the venous blood loses its dark hue: at the 
same time oxygen disappears from the air which is breathed, 
and carbonic acid is left in its place. 
The blood, purified of its superfluous carbon or carbonic acid 
in the lungs, is finally transmitted by the pulmonary veins to 
the left cavity of the heart, from whence it is again to be im- 
pelled into the aorta: in other words, it is brought back to the 
point at which we began to trace its course. Thus is the blood 
alternately thrown through the whole frame which it vivifies 
and nourishes, but in which its composition and its properties 
become impaired, and through a single organ in which it is 
renovated by exposure to the atmosphere, and rendered fit for 
the support of life. 
The name of Harvey has been immortalized by the discovery 
of the circulation, The simple and conclusive argument which 
our great Peymelosst acduced in support of his theory. ey be 
thus stated. ° 
An ani im . Limay be sncued of blood by opening either the 
lange artefiew#or the lange veins. The blood therefore must have 
apatural passage from one of these sets of vessels into the other. 
oT: “an artery is tied, and then punctured on both sides of the 
Sigakure, the blood rushes violently and-by jets From the punc- 

‘tipehearest the heart, but flows without force from the remoter 
.geture. It follows, that there is “eae ral’ current of the 
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If a vein is obstructed by pressure, it swells or fills with 
blood on the side remote from the heart, while the part between 
the point of obstruction and the heart does not swell. It 
follows, that there is a natural current of the blood in the veins 
setting towards the heart. 

Finally, the valves in the veins are so placed that ‘“‘ they 
pive a free passage to the blood towards the heart, but oppose 
the passage of the venal blood the contrary way.” 

To this body of proof may now be added the fact, that in 
transparent parts of living animals, the blood may actually be 
seen to be constantly flowing, as Harvey taught, from the arte- 
ries, whether systemic or capillary, through the capillaries into 
the veins. 

Blood when flowing a a vessel of the living body is an 
unctuous liquid, of a faint odour and saline taste, of the tem- 
perature of 98° of Fahrenheit’s thermometer: its specific gravity 
varies from 1038 to 1059 *. 

Dr. Davy ascertained that the temperature of arterial blood 
in a living animal is about a degree higher than that of venous 
blood. The temperature of blood when flowing from the carotid 
artery of a lamb was found to be 105°, from the jugular vein 
104°. In lambs killed by the division of the great vessels in 
the neck, the temperature of the left side of the heart was 106°, 
that of the right side 105.5°. In oxen that had been knocked 
down, the blood being of the same colour in the arteries and 
veins, the temperature of the arterial blood was found to be 
101° or 101.5°: that of the venous blood, 100°. In a sheep, 
in which the specific gravities of arterial and venous blood 
were 1049 and 1051, the relative capacities of the two fluids 
for caloric were?913 and 903 +. 

When venous blood is detained in a vein, its colour becomes 
darker. ‘ 

Whén arterial blood is kept at rest in a living vessel; it 
gradually acquires the properties of venous blood; as may be 
seen on slackening a tourniquet after an amputation, ‘when the 
first blood that issues from the divided arteries is of a dark | 
colour. If arterial blood is placed in vacuo, or is expospibto _ 
nitrogen, hydrogen, or carbonic acid, it loses its florid inet. + 


* Dr. Davy’s Observations, &c., Edinburgh Medical Journal, ral acy, 
p- 245 3 aod ee on the Blood, p. 36, ‘a 
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Extravasated arterial blood remains florid for several minutes ; 
after an interval it is found to have coagulated, and to have 
acquired a dark colour *. 

Blood flowing from a vein has been observed, when fainting 
has supervened, and under some other circumstances, to lose 
its usual appearance, and to become florid +. 

A halitus is seen to rise from the surface of blood recently 
drawn, upon the same principle that a sensible evaporation 
takes place from other liquids at an elevated temperature. 

Blood, that after having been drawn has stood a few minutes, 
is observed to be covered with a thin pellicle, and aftérwards 
the whole quantity gradually becomes a gelatinous solid. This 
change is termed the coagulation of the blood. On an average 
it commences about three or four minutes after blood is drawn, 
and is completed in seven or eight. Dr. Gordon found the 
coagulating portion of a quantity of blood warmer than the 
rest by 6° of Fahrenheit’s thermometer. On repeating the 
experiment upon blood drawn from a person labouring under 
inflammatory fever, the rise of the thermometer is said to have 
been no less than 12°¢. But there is reason to suspect that some 
error may have crept into these observations. Mr. Hunter 
detected no extrication of heat during the coagulation of the 
blood of a turtle, the temperature of which was the same as 
that of the air. Dr. Davy .mentions, that he has repeated 
Mr. Hunter’s experiment with the same negative results, upon 
the blood both of the turtle and of the shark. Dr. Davy 
remarks as a parallel phenomenon to the present, that when 
serum is coagulated by means of dilute nitric acid, no appre- 
ciable alteration of temperature occurs. 

Mr. Brande observed, that during the coagulation of the 
blood carbonic acid is disengaged: this appeared to happen 
to an unusual extent in blood drawn soon after a meal §. 
Dr. Davy, however, adduces several observations in opposition 
to those of Mr. Brande; and denies the existence of free car- 
bonic acid in the blood. 

In a short time after coagulation, drops of a yellowish liquid 
are seen.to exsude from the clot, which goes onthus sponta- 
neously to separate into two elements ; = solid part is termed 
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the crassamentum, the fluid part the serum of the blood. The 
crassamentum is usually estimated to be a little less in quan- 
tity than the serum. The proportion of serum is greater in 
persons of a debilitated habit of body than in those who are 
strong: it is greater again when coagulation takes place under 
a low degree of temperature. The slow contraction of the 
coagulum has not entirely ceased till the fourth day. 

Serum, when exposed to a temperature of 160°, and still 
more readily at 212°, is converted imto a white coherent mass, 
from which a fluid termed the serosity may be obtained by 
pressure. The coagulated part is albumen. The same prin- 
ciple éxists in the serosity, but is suspended by the presence of 
an alkali. Atmospheric air in contact with serum does not 
lose oxygen and acquire carbonic acid, as when in contact with 
blood. The component parts of serum, according to Dr. Marcet, 
are, 
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The specific gravity of serum is 1028. Albumen, which 
forms so large a part of the serum of the blood, is the principal 
element in the composition of the skin, and of the cellular and 
vascular tissues. 7 

When the crassamentum has been repeatedly washed, it. 
becomes a glutinous and fibrous mass of a greyish colour: the 
water employed is rendered red. The greyish substance is 
termed fibrin, and appears to be ef the same nature with the 
material left after muscle has been boiled for a considerable 
jength of time. It forms the tough substance which is met 
with after death in the cavities of the heart and great véssels, 
and in aneurysmal sacs in which it is commonly disposed in 
Jayers. . Dr. Davy found the specific gravity of the fibzin of 
the blood, examined in three different instances, to he 1046, 
1057, and 1060. The quantity of dry fibrin that baok be 
obtained from clap. i from .13 to .47 per cent. .° | 
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partiohlit; which are readily discovered with the assistance of 
a mgroscope, Upon examining serum, in which a portion of the 
coloured clot has been broken down. The form of these par- 
ticles in human blood, which was détermined by Dr. Young, is 
that of a silkworm’s egg: they are circular discs, extremely 
thin, with rounded edges, and with a central depression on either 
flat surface: their diameter is wees of an inch, according to the 
observations of Dr. Hodgkin and Mr. Lister, with which my 
awn exactly coincide. Their specific gravity Dr. Davy esti- 
mates at about 1087. When immersed in water they lose their 
colouring matter, and with it much of their specific gravity. 
In this state they are supposed to consist of albumen. 

Mr. Brande discovered, that the colouring matter is an 
animal substance of a peculiar nature, susceptible, like the 
eolouring matter from vegetables, of uniting with bases, and 
applicable to the art of dyeing. The most effectual mordaunts 
for the colouring matter of the blood are salts of mercury, 
especially the nitrate and corrosive sublimate. 

Mr. Brande ascertained that iron does not exist in greater 
proportion in one element of the blood than in another *. 

Dr. Stevens has shown that the addition of certain neutral 
salts to the blood drawn out of the body heightens its florid 
colour; and that when the blood has been deprived of its salts, 
it no longer becomes florid on exposure to oxygen. 

The coagulation of the blood and its separation into serum 
and crassamentum are phenomena, which may be regarded as 
the result of its chemical composition no less than its previous 
continuance in a fluid state. The circumstances under which 
the blood exists vary, and the reciprocal attraction of its ele- 
ments is changed. Our knowledge upon this subject is, how- 
ever, very imperfect, and amounts but to a bare enumeration of 
instances, in which the coagulation of the blood takes place 
readily, or slowly, or is entirely prevented. 

The tendency of the blood to coagulate, when drawn from 
the living ‘body, is not affected by moderate differences in tem- 
perature}. Blood at 57° and 105° coagulates in the same time 
as at @8°{: as readily when exposed to azote, nitrous gas, 
nitrous oxide, carbonic acid, and a ha a8 nee: pees 
to atnwspheric air §. ; 
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Blood coagulates quickly when placed in a receiver, from 
which the air is immediately exhausted; when drawn from a 
small orifice into a shallow vessel; when exposed to atmo- 
spheric air at a temperature of 120°; more rapidly when the 
body is exhausted by hemorrhage, than when it exists in 
strength and vigour. 

The coagulation of the blood admits of being delayed: 
1. By freezing. A portion of the jugular vein of a rabbit tied 
between two ligatures was removed with the blood contained 
in it, and frozen: when thawed, the blood became liquefied, 
and coagulated. 2. By low temperatures above the freezing 
point. Mr. Hewson placed blood in oil at a temperature of 
38°: at the expiration of six hours it continued fluid; but 
being then allowed to attain a warmer temperature, it becaina | 
coagulated in twenty-five minutes. 3. By mixture with ofr«-. 
tain neutral salts. If half an ounce of Glauber’s salt be mixed © 
with six ounces of fresh blood, the mixture does not coagulate : 
but on the addition of a double quantity of water coagulation 
takes place. 

Other circumstances retard coagulation. Blood coagulates 
slowly when drawn from a large orifice into a deep vessel; 
when taken from a person in vigorous health, or from one 
labouring under inflammation ; when detained at rest in a vein 
of a living animal between two ligatures. On a repetition of the 
last observation, Mr. Hewson found the blood two-thirds fluid 
after three hours and a quarter had elapsed : the blood being 
then exposed to the air, entirely coagulated. When the experi- 
ment was varied by blowing air into the vein, the blood was 
found to have coagulated in a quarter of an hour. Mr. Hunter 
mentions, that two leeches which had been applied were sub- 
sequently preserved ten weeks, At the expiration of that time 
they contained a considerable quantity of blood, which appeared 
like Dlood recently drawn from a vein, and coagulated when 
exposed. The following incident is to the same purpose. On 
tapping a hydiocele, a small vessel was wounded, and the 
blood escaped into the sac: when the tapping was répeated 
sixty-five days after, the blood came out thickened, but then 
coagulated and separated into different parts *. Blood;. -extra- 
vasated through the rupture of vessels, often remains-\for a 
considerable time ina fluid state. | 
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In some instances a modified coagulation takes place. 
Mr. Hewson found, that if blood was kept at a temperature of 
38° for twenty-four hours, it had become thick and viscid, but 
did not.ceagulate on regaining a higher temperature. In torpid 
bats, Mr.'Cornish found the blood thickened, but it soon 
recovered its fluidity on motien and heat. 

The blood does not coagulate when the causes that are 
capable of delaying the process have continued to operate 
beyond a certain period. If blood freshly drawa be kept for 
some time in very brisk metion by being stirred, it often will not 
coagulate at all. In persons killed by lightning, by suffoea- 
tion, by blows on the stomach, or through the influence of acrid 
vegetable poisons, or in persons dying from violent mental 
emotion, or perhaps in all instances of sudden death unattended 
with hemorrhage, and occurring to persone just before in full 
possession of health and strength, the blood is found in a fluid 
state. A temporary change in the nature of the blood of a like 
kind is found in certain diseases. Mr. Hewson mentions, that 
a woman was bled in a fever which came on soon after deli- 
very: her blood did not coagulate on being exposed to the air, 
but appeared like a mixture of the red globules and serum 
only, the globules having subsided to the bottom in the form 
of a powder. She died three days afterwards; and upon 
examination the blood was observed to have coagulated in the 
vessels, and a teugh white clot was found in each auricle of 
the heart: the blood that had been taken during her life did 
not coagulate till at the heat of 160°. The blood excreted in 
healthy menstruation does not coagulate. 

In reviewing these phenomena, it cannot but appear deserv- 
ing of notice, that the circumstances, which are found in 
physiological experiments the most efficient in retarding the 
coagulation of the blood, are- conditions essentially present 
during life. These are, motion, and the contact of living sur- 
faces. The blood at a temperature near its standard tempera- 
ture, and usexposed to any very,active agent, is sure to coagu- 
late, untess beth of these conditions are present. Thus in a 
living vonael i in which the blood is detained at rest by ligatures, 
it clota, althéugh slowly ; and when blood has been drawn in 
the yedal manner from a vein, if it be kept in geatle motion 
; only, : it yet coagulates. : 
_ J sugfipece it is upon the retarding or tive influence of 
the geitact of living surfaces, that we aij plat 
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that blood drawn into a deep vessel and in a large quantity 
coagulates slowly; and that the blood of those who are de- 
stroyed in full health by sudden and violent death, unattended 
with hemorrhage, as by suffocation or through the action of 
prussic acid, does not coagulate at all. In the latter class of 
instances, although consciousness is suddenly extinguished, 
yet the unexhausted animal tissues probably retain for several 
hours a residuum of vitality. In such cases again it is remark- 
able that, as in life, the blood speedily coagulates, if through 
rupture of a vessel it becomes extravasated ; what remains in 
the véssels is through their vitality prevented coagulating for 
so long a time, that the tendency has ceased, before it can 
have been efficiently exerted. 

The final causes of the coagulation of the blood, or the 
objects attained by it in the vital economy, are very striking. 
In a common incised wound in which no large vessels are 
divided, the last blood which flows, clotting between the cut 
surfaces, glues them together; and then by a wonderful process, 
the thin intervening layer contributes to produce a renewal of 
vascular continuity between the newly adherent parts. To 
serve this purpose entirely, however, the intervening layer of 
blood must be the thinnest film: a sensible quantity of clot 
intervening may indeed for a time unite the wound, but after a 
few days, instead of becoming organized it loses its hold and 
is thrown off. Nevertheless, a considerable clot of blood ad- 
hering to a vascular surface is occasionally found to have 
received blood into a series of irregular tubes, which appear 
to form spontaneously within the coagulum. These tubes 
Sir Everard Home supposed to be wrought by the extrication 
of bubbles of carbonic acid during the process of clotting. 

Another use of the coagulation of the blood, is to stop 
hemorrhages resulting from the giving way of large vessels. 
An éssential element in this process is the clotting of the blood 
in thé extremity of and around the ruptured vessel: and it 
cannot but‘ excite admiration, that this important process is 
hurried on by Nature, or the tendency towards it heightened, 
in proportion as the frame is nearer to complete: exhauetign. 


CHAPTER III. 


OF MUSCULAR ACTION. 


Various textures in animals are observed to exist ut succes- 
sive periods in two different states, to be at one time elongated, 
at another shortened. The change from the one state to the 
other is the beginning of motion. The phenomena attending 
the greater number of cases in which motion is thus produced, 
have common points enough to authorize us in ascribing them 
to one property, which has been termed Irritability. They are 
certainly not effects of elasticity or of gravitation, nor are they 
expansions and contractions of bodies caused by changes of 
temperature; and although they correspond in some respects 
with the results of galvanic action, yet the analogy is as yet 
too loose and incomplete to warrant any confident expectation 
that the movements of irritable parts will be proved to depend 
upon a modification of the electric principle. 

The parts of the human frame which possess irritability are, 
muscular substance, the substance of the uterus, the fibrous 
coat of arteries, the unattached margin of the iris, some parts 
or the whole of the skin, and perhaps the dense texture which 
is employed in forming excretory tubes. In the phenomena 
of muscular action alone, which form the subject of the present 
chapter, a surprising diversity exists. 

Muscular substance is what is commonly called flesh in ‘ 
animals ; varying in different genera and species, in different 
individuals of vthe same species, in different parts of the’ same 
i Grandes: end colou?; it presents in every instance 
the com nant nt Of a fibrotis stru¢ture.. Nevertheless, in the 
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in the muscles of the trunk, head, and limbs, and in the heart ; 
of a pale grey in the muscular coat of the alimentary canal and 
of the bladder. But upon maceration in water it is found in 
each case to be reduced to little more than a colourless fibrin. 
The water that has been employed contains albumen, gelatin, 
extractive matter, and various salts. Perhaps the most re- 
markable circumstance, which has come to light in this inves- 
tigation, is that nitrogen exists in larger proportion in the 
mascles of animals with red blood, which possess the greatest 
variety of functions and enjoy them in the most. perfect state, 
than in those of fish or reptiles. The same difference is observed 
in the muscles of animals of the same species, between the 
adult and the young *. In young animals, it appears that the 
muscles as well as the membranes and bones contain a con- 
siderable quantity of gelatin; but as they advance in age the 
gelatin disappears, and is replaced by albumen. Fat, or oil 
contained in delicate membranous cells, is found in the sub- 
stance of muscles, more coarsely wrought into the texture of 
some than of others, and in age than in youth. 

The muscular tissue consists of flattened bands or lacerti 
of soft flesh, connected together by a thin transparent elastic 
membrane. Each of these bands admits of separation into 
slender strips or fibres, which again may be resolved into others 
yet finer. All the fibres are individually invested and joined 
together by processes of the same membrane which clothes the 
lacerti. 

Within the last few years it has been very generally believed, 
on the authority of Meckel, Home, Bauer, and Dr. H. M. 
Edwards, that the muscular fibre is ultimately composed of 
globules combined in a linear arrangement. More recent in- 
vestigations, made by Dr. Hodgkin and Mr. Lister with the 
aid of the achromatic compound microscope in the possession of 
Mr.eLister, have shown this appearance to be an optical illy- 
sion. The following extract fram the observations of, these 
gentlemen contains the result, of theit iaquiries. | 

“The muscular tissne. may be easily. seen’ with’ thé naked: 
eye, or with the assistance of comparatively feeble leas; 
composed of bundles o£, fibres, held together byachon 
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consist of more minute fibrille. If is difficult to push the 
mechanical division much further; for the softness of the mus- 
cular substance is such, that it is either crushed, or breaks off 
rather than admit of further splitting. Ifa piece of one of the 
moat delicate of the fibrille last arrived at, be placed on a piece 
of glaas in the field of the microscope, lines.may be seen parallel 
to the direction of the fibre, which show a still further division 
into fibres. 

** Although no tracé of globular structure can be detected, 
tnnumerable very minute, bat clear and fine parallel lines .or 
straz, may be distinctly perceived transversely marking the 
fibrille. In some instances these seem to be continued nearly 
ar quite at right angles, completely across the fibril ; bat fre- 
quently the striae in one part are opposite to the spaces in 
another, by which arrangement a sort of reticulated appear- 
ance is produced. The strise are not in all specimens equally 
distant ; but this may, perhaps, be owing to the elongation or 
contraction of the fibre. We have discovered this peculiar 
and very beautiful appearance in the muscles of all animals 
which we have yet examined ; and, as we have seen it in no 
other tissue, we have been induced to view it as a distinguish- 
ing feature of muscle *.” 

Muscular parts receiva.a large supply of blood. The veins 
in muscles have numerous valves. Lymphatics have not been 
traced to any distance in the substance of muscles. 

Nerves are distributed to all muscles, but in a larger propor- 
tion to some than to others, to the voluntary than to the invo- 
luntary : their disposition is thus described by MM. Prévost 
and Dumas. The trunk of a nerve and its first branches 
penetrate between the muscular fasciculi in a tortuous course, 
the exact direction of which appears indifferent. But the 
minute Glaments, in which each branch ends, are found inva- 
riably to traverse the muscular fibres at a right angle and at 
short distances from cach, phe, and then either to return to 
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without difficulty in the opaque flesh of warm-blooded 

but is readily seen in the thin transparent muscles of frogs. 
Several partial instances of a like nature have been long known 
to anatomists. The branches of the portio dura are found to 
unite by slender twigs with those of the three divisions of the 
fifth nerve upen the face; and in the tongue the union is 
equally distinct of twigs of the ninth nerve with twigs of the 
gustatory. It is remarkable that in many of these familiar 
instances the junction that takes place * between sentient 
nerves and nerves of motion. 

It has been already observed, that caeiign parts are found 
during life in one or other of two conditions, which naturally 
alternate, in relaxation or tension, in repose or in action. . 

A muscle when relaxed is soft and pliant, yields readily to 
Jateral pressure, and is easily extended in the direction of its 
fibres. At the instant of beceming relaxed, muscular fibres 
always exhibit some degree of elongation, which, however, in 
many instances is extremely slight. It is uncertain from what 
cause this effect proceeds : under ordinary circumstances, some 
external force contributes to produce it, at least when it occurs 
in. voluntary muscles: but in the heart, the forcible elongation 
of fibre, that takes place upon its relaxation, clearly results 
from some inherent property, which, in: the want of proof, we 
may suppose to be either elasticity, or a part of irritability. 
On the other hand, muscular fibres, during the state of relaxa- 
tien, are capable of becoming shorter. If we bend the elbow 
ef an infant when lying asleep, the bicipital flexor becomes 
shorter in proportion as its attachments are approximated, but 
continues still disposed in a straight line between the shoulder 
and the elbow. The latter instance, however, should perhaps 
rather be considered as an effect of that low degree of action 
called the tone of a musele, than as a oes of relaxa~ 
tien. , 


A miaeele: when in action, is poond ee resists extension, 
and has a oils t t ionten, 
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musele in action, if counteracted by an equal force, has its 
tendebpy to shorten neutralized, and remains tense without any 
diminutjén-of its length: and if opposed by a force superior to 
its own, admits even of being elongated during its most power- 
ful action. 

The relaxation of muscles seldom contributes cieey to the 
performance of a function, or only contributes to this end by 
permitting the influence of other forces to be fully exerted. 
The action of muscles, on the contrary, has the most extensive, 
important, and direct application in the animal cconomy.. By 
muscular action, forexample, the joints are knit, and the frame 
of the skeleton is sustained in fixed positions or is carried 
forward in locomotion, or the cavities of the trunk are alter- 
nately enlarged or contracted, or the contents of the hollow 
viscera are expelled. 

Action may be produced in all muscles during lifé or soon 
after death by various stimuli; by mechanical irritation, as 
for instance by the simple contact of a foreign body, and still 
more forcibly by cutting, tearing, or pinching the exposed 
fibre; by chemical excitement, as upon the application of 
diluted acid or alkaline fluids, and of different neutral salts ; 
or by electricity. 

A muscle in action, ‘if allowed to become shorter, gains 
exactly in thickness what it loses in length. This I ascer- 
tained to be the case by the following experiment. The ven- 
tricular portion of the heart removed from a large dog imme- 
diately after death by hanging, was immersed in warm water 
contained in a glass vessel, which was closed below with a 
ground glass stopper, and-terminated above in an open vertical 
tube one-third of an anch in diameter. The ventricles con- 
tinued alternately to contract and dilate for a considerable 
length of time, during which the water stood at the same level 
in the tube, not sensibly es and jeans by the varying, con~ 
dition of: the aemren’ A pre # Se 
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strong focal light cast on the inside of them ; if in this posture 
these muscles be viewed through a good microscope, the 
parallel fibres of the muscles are plain to be seen, with the 
blood running alternately up and down between each fibre in 
capillary arteries so fine, that only a single globule can pass 
them. If the muscle happens to act while thus viewed, then 
the scene is instantly changed from parallel fibres to series of 
rhomboidal pimnule, which immediately disappear as soon as 
the muscle ceases to act. It is not easy to get a sight of this 
most agreeable scene, because that on the action of the muscle 
the objgct is apt to get out of the focus of the microscope ; but 
those who are expert in the use of these glasses may readily 
move them accordingly. I have found small frogs best for this 
purpose, namely, such as are not above a third or a fourth of 
their full growth. Stimulating the foot of a frog will some- 
times make it contract these muscles. The frog must be fixed 
in a proper frame. If repeated observations were made on the 
muscles thus in action, it might perhaps give some farther 
insight into the nature of muscular motion *.” 

The recent researches of MM. Prévost and Dumas explain 
the change in form of each single fibre, from which the pre- 
ceding appearance results. The ventral muscle of a frog so 
placed in a frame that a current of the galvanic fluid might at 
pleasure be directed through it, was examined in a microscope. 
When excited to contract, the fibres were seen to become bent 
at numerous angles into zigzag lines. When the stimulus was 
discontinued, the part regained its former length, and the 
fibres their straight direction. The angles were observed to 
be placed at nearly equal distances, and corresponded exactly 
with the point of intersection of nervous filaments, These 
circumstances are stated to have been made out in the muscles 
of warm-blooded animals, and no less in the muscles of the 
trunk and limbs than in those of the hollow viscera +. 
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‘with: only when subsequently excited by galvanism to further 
action, are thrown into zigzag lines. 

The retraction of the detached muscle in the preceding in- 
stance, is one of several phenomena which are said te depend 
upon muscular tone. Through this cause, if quickly after 
death a muscle in its medium state of extension be divided 
transversely, the separate portions instantly recede to some 
distance from each other. The same result of course ensues 
upon the division of a muscle in the living body; and as Bichat 
ascertained, the retraction is equally prompt and energetic, 
whether the nerves of the part have been previously cut {hrough 
or not. It is remarkable that.the separate portions which have . 
retracted, if excited, shorten further, and then again become 
elongated to their last dimension. There are other instances, 
to which the term muscular tone has been applied, which 
depend upon a different cause. If the nerves of the face are 
divided, the features no longer remain supported in their usual 
expression ; their muscular tone is gone, and they drop from 
their weight. “On the other hand, the contraction by which a 
muscle accommodates: itself to the flexion of a joint, or to the 
shortening of a bone that has been broken and ill set, is 
certainly independent of its nerve. 

Repeated or continued exertion of muscular parts exhausts 
their irritability. When fatigued, we are conscious that our 
muscular frame has become temporarily weaker. A muscle © 
repeatedly stimulated in a physiological experiment at length 
ceases to act. Dr. Wilson Philip ascertained, that this mode 
of exhaustion ensues even sooner when the part is left in com- 
munication with the. aes than when its nerves ‘have been 
previously divided*,. After unusual exertion, a period of 
repose seems necessary to enable a muacle to recover its full 
a a5 of acting upon excitement. 
kable fort discovered, that in, several see which 
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provision must be to lessen the force of the blood circulating, 
in the muscles of the limbs; but its relation to the habits and 
muscular power of the animal is unknown. In this, as in 
other instances, we are wholly unacquainted with the qualities 
in the organization of muscles, which diversify their mode of 
irritability. 

The rigidity of muscles, which ensues soon after death, 
should tend to elucidate the nature of their action during life. 
‘The period at which this change begins, as well as its degree 
and the term of its continuance, are very indefinite, but appear 
to hye some relation to. the degree of physical exhaustion 
which the body has previonaly: undergone. The muscles of 
those killed by lightning «ate said, but I believe erroneously, 
not to become rigid. In animels:that have been hunted or. 
driven hard before slaughtering, the muscles stiffen in a few 
minutes ; but the rigidity is incomplete, and disappears sooner 
than in other cases. 

In sheep and oxen the joints have ordinarily begun to stiffen 
in half an hour after death: in about twetity-four hours the 
rigidity appears complete, and the flesh when;diyided does not 
retract: but it seems that during the first three. or four days it 
continues gradually to acquire more firmness. “in hot weather 
the flesh of slaughtered animals never becomes perfectly rigid, 
and, till decomposition begins, retracts in some degree when 
divided. Warmth appears directly to prolong the phenomena 
of irritability in dead muscular parts. A heart that has ceased 
beating will even resume its action when immersed in warm 
water. It may be observed, that under circumstances nearly 
‘similar, like parte in different animals of the same species vary 
remarkably-in respect to the duration of. their irritability. after 
death. In'two cats destroyed by hanging; the heart of the one 
had entirely lost its irritability in half an hour; inthe heart of 
‘the other the auricles continued, at the expiration of fourhaars, 
occasionally to contract. In ongjnstance | the voluntary. agus. 











cles, in another the involgateryames cle grat aes thea nity ¢ 

of bein e ‘ “h es: i 7 yr 
g excited by. atinadi ey Meee f, 

exposed within a. Semi : se -after dea i : 

to describe a right lie; Rise their attachments; 


near to each other, w whes iii oad in folds: after a 
twin, slight comvaltiey seons at . 


ey 2 
i: 


of, both, 








Ss nina ” Levnepa- 
‘heart,. ead j in the muggy of thettrunk 






36 Proximate Cause of Muscular Contraction. 


and limbs : these last for a few minutes, and are capable of 
being re-excited’ by sprinkling salt upon the surface. Rigidity 
1s produced almost instantaneously if warm water is injected 
into the arteries of a muscle. The flesh under these cir- 
cumstances becomes pale, increased in bulk, and suddenly 
hardens. 

The operation of crimping fish consists in dividing the 
muscular fibre before it has become rigid, and then immersing 
it in spring water. A small part treated in this manner, con- 
tracts and hardens in five minutes ; a larger part takes a longer 
period. Sir A. Carlisle observed, that crimped flesh gains both 
in weight and in specific gravity... Crimping only takes effect 
if performed before the natural stiffening has been completed. 
Sea-fish intended for crimping, are usually struck on the head 
when caught, which is said to preserve them for a longer period 
fit for the purpose. No doubt this expedient, which is fortu- 
nately merciful, operates by preventing the fish from exhausting 
its muscles in convulsive efforts. 

The preceding details illustrate generally the nature of 
muscular action, A muscle is, it appears, so constituted, that 
upon a given impression certain points in each fibre are suddenly 
attracted towards each other with increased force. We have 
yet to learn whether the attraction is exerted equally by every 
integrant molecule of the fibre, or whether it operates from — 
definite points at appreciable intervals. Either supposition 
appears compatible with the change already described from the 
right line to a zigzag, which is observed to take place when the 
fibre is shortened beyond certain limits. 

Muscular parts are found to vary among themselves, aa 
regards their natural condition in the absence of special im- 
pressions, the duration of their action and of the intervals of 
repose which they require, the kind of stimulus calculated to 
excite their action, and the —_— of. sensation atteoning their 
use, : - 

When we seck for. genie broad d and leading distinction among 
pebre, 4 ren pragents iteelf, which serves 
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whatsoever is cut through, either in a living animal or imme- 
diately after death, mechanical irritation of the part of the 
nerve disconnected with the brain, as for instance the pinching 
it with forceps, causes a single sudden action of the muscle or 
muscles it supplies. On the other hand, a like effect cannot 
be produced by irritating mechanically the nerves distributed 
to those muscles, over which the will has indisputably no 
influence. Yet it must be admitted that the phenomenon 
which I have described is not exclusively confined to those 
muséles which are allowed at all hands to be voluntary ; nor in 
truth is it shown in all the muscles which seem at, first sight to 
be directly under the contro! of ‘the will. But it isnot easy in 
various instances to determine whether muscular actions are 
voluntary or not; while the point of distinction, which is here 
proposed, has at all events the recommendation of being readily 
verifiable, Setting aside therefore in the first instance the 
question of the influence of the will, let us be satisfied with 
observing what muscles act when a divided nerve that enters 
their substance is mechanically irritated, and what do not; we 
may afterwards trace the collateral differences of the two classes 
of muscles, which are thus distinguished. 

The parts which are susceptible of this rode of excitement, 
are the muscles of the trunk, liead, and limbs, of the tongue, 
of the soft palate, of the larynx, of the pharynx and cesopha- 
gus, and of the lower outlet of the pelvis. The opposite class 
comprehends the heart, the stomach, the small and great 
intestines, and the bladder. 

The collateral differences which characterize either class, are, 
with exceptions afterwards to be advérted: to, the following. 

_ Of the muscles, which act when a nerve distributed through 
them is mechanically irritated, it may be remarked ; 

1. That they admit of being thrown into action by an hago 
of the will, - 


| 2. That: “with suiciot pitontien: ane resolution, their action 
may be refrained from, 2. TUG, 


3. That their action: fattended eu a constiaumort, ies 
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5. That when mechanically irritated, a single and momentary 
action of their fibres alone ensues. 

6. That they remain relaxed, unless excited by special im- 
pressions, both in the living body and before the loss of 
irritability after death. 

7. That their action in the living body habitually results 
from an influence transmitted from the brain or spinal cord 
through the nerves. 

The exceptions to be made against this statement, if applied 
generally, are, that the three first affections are not easily 
brought home to the muscular fibres of the cesophagus? or of 
the lower part of the pharynx; but it deserves at the same 
time to be considered, that the lower part of the pharynx and 
cesophagus are in the peculiar situation of parts employed 
upon one object alone instinctively and habitually, on the 
recurrence of one impression; a condition which would soon 
reduce a strictly voluntary muscle toa state apparently removed 
from the control of the will. 

Muscles of the preceding class, if we except the fasciculi 
belonging to the pharynx and cesophagus and urethra, are so 
disposed as to extend from one piece to another of the solid 
framework of the body: they enlarge or straiten the cavities 
of the trunk ; they produce the phenomena of the voice; they 
close the excretory passages; the greater number are employed 
te move the limbs upon the trunk, the frame upon the: ground. 
Muscles of the second class are used, like the exceptions in the 
preceding, as tunics to the hollow viscera, the cavities of which 
they diminish in their action, and thus serve to give motion to 
their contents. The osephagus, indeed, appears to partake of 
the nature of both classes of museles; when the nervi vagi are 
mechanically irritated one sudden action ensues in its fibres, 
and presently after, a second of a slower character ey be 
observed to take place. 

Of the muscles whieh do not act upon the mechanical 
itritation of any mee distributed tee them, it may be 
remarked °°... : w 

1. That the ‘ygil cannot instantay emt 
action in zhets. o | pe | 
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3. That their action is not attended with a conscious effort, 
and seldom has reference to sensation. 

4, That if divided, the retraction which follows 1 is in most 
instances slow and gradual. 

5. That if they are mechanically irritated, not one, but a 
os of actions, ensues. 

6. That their natural state, in the absence of external im- 
pressions, is not continued relaxation. When the heart and 
bowels are removed from the body of an animal immediately 
after-death, they continue for a time alternately to contract and 
to dilate. 

7. That an impression transmitted through the nerves does 
not appear the usual stimulus to their action. 

The exceptions to be found to these remarks are more nume- 
rous than in the preceding class, and their consideration would 
lead me into details unfitted for this part of the work, in which 
my object has been to convey a general notion only of muscular - 
action. Let me conclude the present chapter by observing, that 
the leading distinction pointed out among different modes of 
irritability appears applicable to other textures, besides those 
which are strictly termed muscular. The irritable portion of 
the iris I found would in some animals contract instantaneously, | 
upon thé mechanical irritation of the third nerve. On the other 
hand, the calibre of arteries is not diminished when their neryes 
are pitched: and the uterus and the skin, it is probable, are 
equally insensible to this mode of excitement. 


CHAPTER IV. 


OF THE CIRCULATION OF THE BLOOD. 

‘ 
THE stream of florid blood collected from the capillary vessels 
in the lungs, flows to every part of the body, and permeates the 
systemic capillaries. The stream of black blood collected from 
the systemic capillaries flows back to the lungs. The former 
passes through the left cavity of the heart, the latter through 
the right. The structure of the heart is muscular; its action 
gives motion to the blood, which through the operation of 
valves that preclude its retrograde course, flows uniformly in 
one direction. This great subject naturally divides itself into 
three parts; the first relating to the mechanism of the 
circulation; the second to the objects attained by the pul- 
monary circulation; the third to the purposes of the systemic 
circulation. 


SECTION J. 
Of the Mechanism of the Circulation. 


The principal agent in the circulation of the blood is the 
heart. The arterial and venous trunks may be viewed as nearly 
passive; their mfluencein promoting or retarding the circulation 
will be considered afterwards. 

In adult human beings the heart is a double organ, or it 
contains two cavities which do not communicate, and which, 
for any purpose answered in the adult, eadqnomy, might as well 
have been disunited. Each cavity con@ists of two chambers, 
‘ auricle wade ventricle " the auricl6 jg ‘the thin. muscular sac 
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the ventricle is a strong muscular bag, into which the blood 
flows from the auricle, and out of which it is forcibly expelled 
into a single artery. 

Each chamber is alternately contracted and expanded. The 
state of contraction is termed the systole, that of relaxation, 
the diastole of the chamber. The two auricles contract 
synchronously, and dilate synchronously. The two ventricles 
do the same: but the period of the action of the auricles and 
of the ventricles alternates: when the auricles contract, the 
ventricles are relaxed to receive the blood flowing into them 
from the former; at the time that the ventricles act, the auricles 
are relaxed to receive a new draught of blood from the veins. 

The heart is of an oval figure, and should be about the size of 
the fist of the subject. The broad or auricular end, or base of 
the heart, is turned backwards and to the right, the apex 
forward and to theleft. The septum of the heart which divides 
its cavities, is not disposed exactly in its long axis, but 
obliquely to it, so that the apex is formed of the left ventricle 
exclusively. The apex of the heart beats against the cartilage 
of the left fifth mb, or against the interval between the fifth and 
sixth. The flat under-surface of the heart rests upon the 
diaphragm, to which the heart is tied down by the reflected 
pericardiug in such a manner as to fix and support it, without 
encroaching upon its freedom of motion; the base of the heart 
is immoveably fixed by the great vessels which stretch from it 
upwards and downwards and to either side. 

In studying the action of the heart we should begin with the 
ventricles, to which the action of the auricles is only subsidiary, 
atid not necessary ; and of the: two ventricles we should take 
the left, from the mechanical ‘eoitipleteness of its structure. 

As soon as the ventricle has acted (if the heart is under 
inspection in the opened thorax of an animal) it is seen to 
expand again. This expansion is not a passive effect of 
blood being forced into it, but is an active force of dilatation in, 
the muscular structure, as any one may easily ascertain, by. 
observing the action of a tartle’s heart that has been recently | 
removed from the- animal. after decapitation. The empty : 
ventricle, if grasped ‘the hand, may be felt to expand-wi 
considerable force. Now, as the vascular flea iW.tha body 
soft, pliant, and compressible, it is evident that@dig: Mood it. 
. contains‘ will be: driven’ by the pressure of the atm@aphers in Be 
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the ventricle, at the moment when the ventricle thus actively 
expands: the elasticity of the blood-vessels and the contraction 
of the auricle must co-operate with the atmospheric pressure in 
carrying the blood into the ventricle, at the period of the 
expansion of the latter. But all these forces tell in one 
direction only. They drive the blood from the auricle into the 
ventricle: they would indeed cause the blood with which the 
aorta has just been filled likewise to flow retrogradely into the 
ventricle, but for a specific provision. That provision consists 
in the semilunar or sigmoidal valves of the aorta. The aortic 
valves are formed of three semilunar folds of membranes that 
are attached by their convex edges to the entire circumference 
of the aortic opening. When the blood issues from the ven- 
tricles, they are thrown up and lie smoothly against the sides 
of the vessel, so as to offer no sensible impediment to the escape 
of the blood: as soon, however, as the ventricle has ceased to 
act, their fine edges are caught by the reflux of the blood, and 
forced down with mechanical precision and exactness, so as 
instantaneously and perfectly to close the opening into the 
ventricle. 

When the ventricle therefore actively expands, it draws no 
refluent tide from the aorta which it has previously filled, but 
sucks from the auricle and veins that lead to it a fresh draught 
of blood. The quantity which is thus drawn into the 
ventricle at its diastole, is supposed to be from an ounce to an 
ornee and a half. 

The ventricle being filled, its systole immediately follows 
with a sudden and jerking motion ; the muscular fibres contract, 
and the contents of the chamber are expelled into the aorta, 
the valves of which are instantaneously thrown up and let them 
pass. But how is the blood prevented from passing backwards 
into the left auricle? The mitral valve is placed for this 
purpose at the aariculo-ventricular opening; it consists of a 
circular elip of membrane attached at one edge to the margin of 
the opening, the opposite edge being uneven, and lengthened 
inte two apap enequal lengths. In the free edge of the 
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Figure 1 represents the mitral 
valve during the diastole of the 
ventricle, ‘the fleshy columns re~ 
laxed, the chordee tendinee loose, 
the passage through the auricular 
valve patulous. 

Figure 2 represents the con- 
dition of the valve during the 
ventricular systole: its edges are 
then drawn into contact, so as to 
form @ kind of flattened conical 
projection into the ventricle. Two 
circumstances deserve to be no- . 
ticed however, without which the j 
mechanism would be inefficient. 
The first is, that each fleshy column receives all the tendinoug.,, 
cords of the adjacent sides of the points of the valve: through 
which it happens, that (as both figures show) the act of 
tightening the tendinous cords is capable of bringing the 
opposite parts of the edge of the valve into contact. The other 
circumstance is the following: to close the opening of the 
_ valve I found by trial, that it is not sufficient simply to draw 
upon the tendinous cords in a direction from the base of the 
heart towards the apex, but that the traction must be oblique; 
the tendinous cords must be drawn outwards as well as 
towards the apex of the heart. To what extent and by what 
means this effect takes place during life I was in doubt till 
the last autumn, when in assisting Dr. Hope in some expe- 
riments upon the action of the heart in an ass stupified with 
woorara, I observed that the left ventricle at its systole not 
merely shortened, but acquired a circular outline; it became 
broader while emptying itself: but its greatest breadth I noticed 
to be about the part at which the fleshy columns are situated. 
The fleshy columns are thus carried away from the axis of the’ 
ventricle during its systole, ao that their action becomes oblique, 
corresponding with that, which, on’ titking the trial in an 
opened heart after death, is found:theproper direction. to pull, 
in order to close the valve: by neers of “the as ete: 

“The action of the tricuspid vilve “takes plugs: ngget wim 
principles with that of the mitral; bat.the valve’ 
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points, sometimes more, instead of two, and a proportionate 
number of fleshy columns, and sets of tendinous cords; in 
; their action these draw together the neighbouring sides of two 
adjacent points of the valve; but the effect is incomplete, and 
the tricuspid valve is never perfectly closed : it is not easy there- 
fore to estimate the quantity of blood which is thrown at each 
systole into the pulmonary artery. Nor indeed can the quantity 
thrown into the aorta be accurately measured ; all that lies upon 
the auricular side of the mitral valve must be thrown back into 
the auricle, and some more must be repelled before the valve is 
perfectly closed. The chambers of the right ‘side generally 
appear something larger than those of the left, which probably 
has in part to do with the imperfectness of the tricuspid valve. 

Two sensible phenomena go with the action of the heart; 
one, an impulse communicated to the left side of the chest, the 
second, certain sounds which accompany it. 

The impulse communicated to the side of the chest has been 
variously accounted for. It is evidently the effect of the heart 
striking against the ribs: but how comes the heart to strike 
against the ribs? I made the observation, that when the heart 
of a large dog, yet acting, was placed upona table, the apex was 
sensibly lifted up at each contraction of the empty ventricles. 
It is probable that the beating of the heart of a living person 
takes place in the same way. The apex of the heart is in part 
lifted upwards by the action of its spiral exterior fibres, in part 
thrust upwards by the under surface becoming from flat slightly 
convex. The sensible impulse against the chest of a living 
person is synchronous with the ventricular systole. 

The sounds produced during the natural action of the. heart 
are two, which bear the following relation in time to each 
other, and to the interval between two beats; when the pulse is 
sixty in a minute, the first sound lasts half a second, the 
second sound a quarter of a second, the interval the remaining 
quarter of a second. The first sound is duller and prolonged, 
the second smarter. The first sound corresponds with the 
systole of the ventricle, the second with its diastole. This was 
oatsiond exp i pents.made by Dr. Hope, some of which, 
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valves. It was found by Dr. Hope, that the preventing either 
valve from closing, by wires passed into the heart, put an end to 
or impaired the sound attributed to the shutting of that valve, 

The force with which the different chambers of the heart 
contract {s not easily computed. But some experiments made 
by Dr. Hales throw considerable light upon this subject, and 
furnish us with an approximation to the average pressure upon 
the blood during the systole of the left ventricle. In some of 
the experiments of Dr. Hales, tubes were inserted into the 
arteries of living animals, and the height was observed to which 
the blpod ascended in them. In a glass tube a sixth of an 
inch in diameter, fixed into the crural artery of a mare, the 
blood rose eight feet three inches above the level of the left 
ventricle of the heart; but it did not attain its full height at 
once: it rushed up about half way in an instant, and after- 
wards gradually at each pulse, twelve, eight, six, four, two, 
and sometimes one inch: when it was at its full height, it 
would rise and fall at and after each pulse two, thiee, or four 
inches, and sometimes it would fall twelve or fourteen inches, 
and have there for a time the same vibrations up and down, at 
and after each pulse, as it had when at its full height, to which 
it would rise again after forty or fifty pulses. When the glass 
tube was taken away, the greatest height of the jet of blood 
was not above two feet. Horses were found to expire when 
after continued hemorrhage the blood stood only at two feet in 
the tube. Upon a measurement of the area of the left ventricle, 
and comparing it with the height at which the blood stood in 
the tube in the preceding experiment, Dr. Hales concludes that 
the left ventricle of the horse exerts a force in propelling the 
blood equal to 113.22 pounds. 

“« If we suppose,” observes Dr. Hales, “ that the blood would 
rise 74 feet high in a tube fixed to the carotid artery of a man, 
and ¢hat the internal area of the left ventricle of the heart is 
equal to fifteen square inches, these multiplied into 7 feet, give 
1350 cubic inches of blood, which press upon that ventricle 
when first it begins to contract, a weight equal to 51.6 
pounds *.” ' 

The alternate action and relaxation of the muscular 
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or any other voluntary muscle to depend upon a series of impres- 
sions transmitted from the brain or spinal cord, I have ascer- 
tained, that in the heart taken from the body of an animal 
immediately after death,—if the blood be carefully washed from 
its internal surface,—or if the auricular part be seperated from 
the ventricles by a clean section,—the alternate states of action 
and relaxation continue for a time to succeed each other in each 
part as before. For the brief period, during which it is reason- 
able to suppose that the heart retains its perfect chemical 
constitution, no stimulus seems required to excite it to contract. 
The alternation of action and repose I conclude thereforg to be 
natural to its fibre, or to be the immediate result of its structure. 

It is remarkable that if the heart yet beating is placed in 
warm water, it continues to act more briskly and for a longer 
time than if exposed to the air. On the other hand, if water 
is injected into its vessels, the flesh of the heart becomes pale 
and swollen, and after two or three beats hardens permanently. 
If the fibres of the heart are transversely cut through, their 

~ action is stopped at once. 

In the first of the preceding instances the heart is subjected 
to some of the conditions, under which it exists in the living 
bedy. With a little contrivance, every influence to which it is 
subjected during life, excepting that derived from the nervous 

‘system, may for a short space after death be kept up upon the 
heart. The researches of Mr. Brodie have successfully eluci- 
dated the phenomena which ensue upon sustaining in dead animals 
an artificial respiration, extending to some very curious results 
presently to be noticed respecting secretion and the source of 
animal heat, the original experiment of Vesalius and of Hooke. 
If the chest be alternately inflated with and emptied of atmo- 
spheric air, the blood which passes through the lungs acquires 
a florid hue; the heart’s action does not sink as when black 
blood is contained in both its cavities; and a complete circu- 
lation of the blood may thus be preserved for the period of two 
hours and a helf after death. Under other circumstances the 
heart’s action cexeenin from five to ten minutes after apparent 
death. ‘ fiphgriomena ‘were observed when the 
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had been left or removed; and that in frogs that function 
spontaneously continues for a considerable period after the same 
degree of mutilation*. Mole again are occasionally developed 
in the uterus, which have neither brain nor spinal marrow, in 
which, nevertheless, a circulation has exiated. 

But while the fact appears thus established, thet the heart 
needs no specific irritation through the netves to cause it to 
contract, it must not be lost sight of, that the brain and spinal 
cord influence remarkably the frequency and vigour of its 
action. How promptly mental emotions affect the heart is too 
familigrly known to need illustration. The effect of physical 
impressions upon the brain and spinal cord is not less decided. 
The experiments of Le Gallois and Dr. Wilson Philip suffici- 
ently prove this assertion. When spirit of wine, in the experi- 
ments of Dr. Wilson Philip, was applied to the surface of the 


brain in a stunned rabbit, or to the cervical or dorsal part of 2: 


the spinal cord, the heart was observed to beat more quickly 
than before; this effect, however, gradually subsided, and the 
heart beat again as at first. When an infusion of opium was 
employed, the heart’s action was found to be at first rendered 
stronger; it then became enfeebled ; but on washing off. the 
poison the heart recovered itself. On a large portion of ‘the 


brain or spinal cord in a rabbit being suddenly crushed with © 


a steel instrument, the heart’s action was observed to be imme- 


diately enfeebled, if not stopped entirely. On the brain of a * 


frog being crushed, the heart was observed to perform a few 
quick and weak contractions; it then became quite still for 
about half a minute: after this its beating returned, at first im- 
perfectly, but in ten minutes afterwards it was sufficiently 
reatored to support the circulation, but with less force than 
before the destruction’ of the brain. The spinal cord was then 
crushed at one blow; the heart again beat quickly and feebly 
for a, few seconds, and then seemed entirely to have lost its 
power of acting. Dr. Wilson Philip remarked that the heart’s 
action in these experiments was rendered quicker or slower, 
stronger or more feeble, but never. readeradirogiplar$ 
. The heart in adults beats in gesiaral £ Yorp seventy to sever 
five times in a minute ; in infante.of two yearnot pra han 
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dred to a hundred and ten times; in infants of one year 2 hun- 
dred and twenty times ; at birth a hundred and forty t..aes: at 
puberty about eighty times; towards old age the ...art acts 
at longer intervals, and the pulse does not exceed sixty in a 
minute. Ps 

During health the contractions of the ventricles generally 
take place at equal intervals, and with the same degree of force, 
or in other words are regular and equable. But there are some 
persons, in whom, when in perfec. health, the pulse is habitually 
irregular; and only regular when they labour under febrile 
excitement. 

The quantity of blood in the body of an adult is estimated 
on an average at from thirty to forty pounds: between one and 
two ounces are supposed to be propelled at each contraction of 
the left ventricle into the aorta, with a velocity of one hundred 
and twenty feet in a minute; and as the contraction of the 
ventricle occupies a third only of the period from one systole 
to another, the mean velocity of the blood in the aorta may be 
computed at eight inches in a second *, 

The force, with which the blood is propelled, appears em- 
pléyed in overcoming the friction of the innumerable capillary 
tubes which it traverses. In the capacious venous trunks the 
blood moves slowly onwards in an equable stream, and with an 
impulse so moderate, as to rise in a vertical tube, according to 
the experiments of Hales upon the horse, to the height of six 
inches only. In the sinallest arteries the flow of the blood per 
saltum appears to be lost,—a phenomenon which is included 
under the following general proposition in mechanics, that an 
intermittent motion may be changed into a continuous motion 
by employing the force, which produces it, to compress a 
spring, the reaction of which is constant+. 

We may next inquire into the properties and uses of the 
arteries and veins. An artery is a cylindrical tube of great 
élasticity; its texture is separable into, 1. An inner serous 
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brittles. that the pressure of a ligature tied upon an artery cuts 
through ithe fibrous together with the inner coat: and, 3. An 
outer cemuar coat, consisting of tough white elastic fibres 
closely interwoven, which the pressure of aligature does not 
divide. ‘Dr. Hales ascertained that the forse required for 
bursting one of the caretids of a dog, is equal to that of a 
column of water one lwadtd and ninety feet high. He does 
not remark that the artery became dilated, but observes that 
with this pressure the artery burst at once. 

A vein is a flexible tube of great strength, very elastic within 
certaindimits, consisting of an inner serous tunic, and a dense 
external coat of white and closely interwoven fibres. The inner 
coat is thrown at intervals into semilunar folds that occur in 
- pairs, and are attached by their convex margins each to half the 
circumference of a vein: as the blood flows towards the heart, 
these valves lie against the sides of the vessel; upon its reflux 
they are thrown down and their edges meet. Valves are not found 
in the vene cavee or in the veins of the abdominal viscera: they 
are found in the iliac veins, in the veins of the neck and head, 
and of the extremities, and in the pulmonary veins. Dr. Hales 
found the jugular vein of a mare to burst with a force eqtial 
to that of a column of water one hundred and forty-four feet 
high * 

When an artery divides, the two branches have a common 
area larger than that of the trunk, and in most instances 
diverge at an acute angle; the same is observed.of veins. The 
arterial and venous trunks generally are distributed together : 
the largest arteries have one accompanying veir, the smaller 
arteries two. In the neck and extremities superficial venous 
trunks are found besides those which accompany the arteries. 
The area of the venous system is greater than that ofthe arte- 
rial, ig: the proportion of four to one, according to Borelli. The 
ratio between the capacity of individual arteries and veins in 
different parts, varies: between the carotid and internat: 
jugular 196 : 441, between the subclavian ; ‘art ery: and: vein 
$1: 196, between the crural artery and . veils : ve 9396, 
between the aorta and vena cava 9: : 16»: bette reel 
artery and vein 156 : 676+. . - 
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Arteries and veins have their vasa vasorum, and are supplied 
with nerves derived from the sympathetic, the nervi vagi, and 
the spinal nerves, if not indiscriminately from all but the first, 
second, third, and fourth, and the soft portion of the seventh. 

Little is known of the nature of the capillaries ; their exist- 
ence even is only a matter of inference; the particles of the 
blood are seen in transparent parts of animals to moye con- 
stantly in the same tracks, which are supposed to be eanals of 
a similar nature to the artemes. These canals are certainly 
capable of enlarging, and of admitting more blood at one time 
than at another. If an irritant, as for instance diluted liquor 
ammoniz, is applied to the web of the frog’s foot, the small 
vessels speedily become dilated, the blood flows more slowly 
through them, and here and there its course is entirely arrested : 
bathed with cold water, the part slowly recovers itself, and the 
vessels contract. A particle of dust resting within the eyelids 
produces in a few seconds an appearance of a fine vascular net- 
work upon the white part of the eye; it is supposed that this 
results from the sudden enlargement of vessels, which were 
before too minute to admit the coloured particles. 

But more is known by direct observation of the properties of 
the larger arteries, and the phenomena of the capillary circula- 
tion are only to be explained by reasoning upon analogy. 

The first phenomenon which attracts attention in the 
larger arteries of the body, is their sensible pulsation; it is 
synchronous with the action of the left ventricle, and results 
from the impulse communicated by the fresh jet of blood from 
the heart. The velocity of a pulsation, according to Dr. Young, 
is sixteen feet in a second *; and consistently with this esti- 
mate, the throb of the arteries appears to be simultaneous in 
every part. 

In a curved artery, as for instance in the temporal, the pulse 
is visible ; the artery is sensibly elongated at each systole of the 
left ventricle, and moved from its place, to which it returns 
during the salle si anit diastole. But if a straight artery be 
examinedy ae tee instance the common carotid, when laid bare 
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as Dr. Parry observed, to compress with the finger the artery, 
so a8 slightly to obstruct the rush of blood. 

M. Magendie mentions, however, that the aorta is visibly 
dilated at each systole of the left ventricle, and that the same 
change may be shown in the crural artery by. the following 
experiment, If a ligature be passed behind the crural artery 
and v¢ig-round the thigh of a dog, and drawn tight, so that 
the cirgulation be sustained through the two crural vessels 
alone, upon conpressing the artery between the finger and 
thumb, it gradually contracts on the side remote from the 
heart; but upon removing the finger and thumb, the artery, 
according to M. Magendie, while becoming distended to its 
former dimension, at each pulse is visibly dilated. 

The preceding appearances in arteries admit perhaps of 
being referred to the acknowledged elasticity of their textures. 
But on other occasions partial changes are observed in the 
calibre of arteries, while the pressure of the circulation is equal 
upon every part, which seem to result from another principle, 
which can be produced by blind physiological experiments, and 
occur in the order of nature for definite and important objects. 

Mr. Hunter observed, that when a large artery, as ‘for 
anstance the crural artery of a dog, is exposed for some time to 
the air, its diameter becomes gradually diminished. Dr. Parry 
observed further, that if a ligature is placed upon an exposed 
artery so as merely to hein contact with its surface without 
the knot being drawn, the.vessel contracts where the foreign 
body touches it, but presetves its full size upen either side of 
the ligature. When a portion of an artery is removed from a 
living animal, it slowly contracts during the first minute or two 
to less than half its first diameter. 

By the experiments which have been mentionef arterial 
contraction is produced. The following method I ‘discovered 
woulde cause the partial dilatation of an artery. If a large 
artery in the living body,-as for i instance the, carotid in. an ass, | 

or the crural artery of a dog, be -tabhed..for. half a. _ Minute 
Salas the finger and thumb, its! iameter, vate ‘part: ac 
treated becomes sepa ckncreased. The3gn raids 
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enlargement of the vessel is clearly seen to be dilatation, not 
thickening. 

Hemorrhage from a small artery, that has been divided, 
becomes slackened in a short time; and before it can be sup- 
posed that faintness and a languor of the circulation can have 
taken place. This spontaneous cessation of arterial hemorrhage 
seems to occur more readily in animals than in humazi:beings. 
If in an experiment upon a horse or ass a muscular artery of 
the size of a crow-quill is divided, and the subsequent changes 
are watched, the jet of blood is seen to gradually diminish in 
volume, and the distance to which it is projected to become 
less and less; at length the blood merely trickles over the 
adjoining surface, then but slightly oozes, then stops. These 
phenomena distinctly result from the contraction of the extre- 
mity of the divided artery. Cold, which has so remarkable an 
effect in producing contraction of the skin, contributes to arrest 
hemorrhage. Warmth and moisture, which relax the skin, 
encourage the continuance of hemorrhage. 

When the main artery is tied in a part, the blood finds its 
way more freely than before through collateral vessels, which 
speedily become dilated. If the facts which have been already 
mentioned are sufficient to show that arteries in warm-blooded 
animals are irritable parts, it is easy to account for this pheno- 
menon. We have but to suppose that the tone of the collateral 
vessels is lowered on this occasion: their usual resistance to 
the force of the blood being thus diminished, they yield and 
are dilated by it. 

The vascular turgescence of* various parts is found to be 
sometimes disproportionately increased during perfect health. 
The class of phenomena, to which I advert, are said to result 
from local action. The following is an instance. The uterus 
and ovaria in a rabbit, killed when the animal is hot, are found 
to be turgid and bleck with blood; if injected in this state 

“with’size and vermition, they are rendered much redder than 
usual, , The xessels Haye become enlarged and admit more. of 
the celoy ie eiatierthan: they before would have done. The 

sou yee eeentenance in blashing is a phenomenon of 
ath the preceding.*-The simplest explanation 
ppose the vessels. itriti table: parts, the tone ot 
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of blood is required in any part. The opposite hypothesis, that 
a sudden constriction at any part of the capillary system is the 
cause of the dilatation of the vessels on the side next the ven- 
tricle, may be considered untenable, since it is opposed to 
analogy. When a large artery is tied, it does not become more 
capacions on the side next the heart. 

The opinion, which I advocate, that the flow of blood : in 
increased quantity to a part results from the relaxation of the 
coats of its small arteries, is remarkably confirmed by what is 
noticed respecting the larger vessels, wherever local action 
frequeiftly occurs, or happens to exist for a considerable period. 
The arteries of such parts gradually become elongated and 
tortuous. This is the character of the arteries of the testis, of 
the uterus, of the mammre towards the latter period of and after 
utero-gestation, of the face and temples. The latter instance, 
perhaps, requires an explanation to show its coincidence with 
the three former. In a child the temporal arteries are straight; 
in proportion as life advances they become more and more 
tortuous ; but as life has advanced, the sources of passion and 
excitement have multiplied, and the face has often flushed and 
burnt, and the temples throbbed with an increased flow of 
blood. Let me endeavour to show in what manner the tortuous 
form, which arteries acquire in such cases, may be explained, 
so as to be consistent with-and to support the theory of local 
action which I have adopted. 

We may presume that an artery, at the average tone of 
arteries, would be affected in the same manner by an “unusually 
forcible contraction of the left ventricle, ada relaxed artery 
by the ordinary pressure of the blood.” The former case is 
easily obtained. It has been altiy E.” menuoned) that the 
carotid artery laid bare in the neck™™Eeés: ( 
visite pulse or change, as soon asia! 
posed.® But if the animal be then alai . 
nostrils for a few seconds, the heart acts 
carotid artery leaps from iteplace;’t 7 a: . } 
tortuous at each stroke of thé venitriGls,, ° follows, idhat Wf tha: 
coats of the same vessel were specially sid a ike shenas 
merion would ensue durinf the ordinary acti 

It: ‘appears, therefore, that the phenomena @ 
~< in large bom arteries, may be accolntey 
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the coats of these vessels, followed, if the local action * persiste, 
by enlargement through growth. But where local action exists, 
the veins likewise become enlarged and tertuous. To what 
principle is this change to be referred ? 

It is not likely that veins are irritable; the effect of their 
valyes, which act by their mechanical adjustment te a given 
area, would be defeated were that area readily capable of 
enlargement. They probably become dilated through growth 
alone, caused by distension. 

What are termed varicose veins are tortuous and dilated 
veins. They are frequently observed below the integurfients of 
the thigh and leg. No doubt is entertained that the veins of 
the leg often become varicose through the pressure of the 
column of blood in the descending cava, which by a gradual 
process of dilatation renders each pair of valves in succession 
useless. The same pressure, which gradually dilates the veins, 
naturally tends to elongate them. Pressure, then, upon the 
inner surface of a vein, tends to enlarge and elongate it. 

Varicose veins of the legs are again produced by ligatures 
tied below the knee; the superficial veins are in this instance 
‘observed to be continually swollen, and gradually to become 
‘tortuous, as if knotted. The swollen state of the veins shows 
the internal pressure to which they are subjected : but this 
internal pressure is the force of the blood propelled from the 
left ventricle. 

Now by my hypothesis, the blood during local action would 
airive in the veins through larger channels than before ; its 
force therefore would be less broken; its pressure would be 
increased upon the veins. But increased pressure upon the 
inner surface of the veins has just been shown to enlarge and 
elongate them ; and thus the state of the veins in parts sub- 
ject to local action tends to support the theory which i shave 

,,. advanced. — 
* ‘Blood is not retitfaed 4o the heart 80 readily from a depen- 
dent part, ‘ea fiom pats whence it has to descend. ' The cir- 
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the blood favours its return by the veins to the heart; in the 
other case its weight is opposed to its ascent along the veins. 
The veins of the lower extremities have coats as thick aa those 
of arteries: the arteries are perfectly straight, in order that 
there may be no unnecessary waste of the impulse derived from 
the heart. 

The arteries distributed to the human brain are four in 
number, the two internal carotids and the two vertebrals. The 
brain is an organ of so slight and delicate a texture, as to 
suffer more readily than any other from an unusual force of the 
blood 4n the arteries, or from its accumulation in the veius. 
Accordingly in some animals, as for instance in the common 
ox, the internal carotid artery, upon entering the skull, divides 
into many branches, which subsequently reunite and form a 
trunk, in which the force of the blood must be greatly dimi- 
nished. This contrivance is termed the rete mirabile. 

In human beings another provision is employed for the same 
purpose. Each of the four arteries of the brain is bent twice 
in an abrupt curve, just before or after entering the cranium : 
and as a proof how sufficient this contrivance must be to break 
the rush of blood upon the brain, the arteries distributed to 
that viscus are found to have thinner and weaker coats than 
other arteries of the same calibre. 

Some physiologists have confounded the original and perma- 
nent curvatures of the cerebral arteries with the superinduced 
curvatures of the temporals, and suppose the cause and purpose 
of the two phenomena to be the same. The preceding remarks 
will have led the reader to view these phenomena as utterly 
and essentially dissimilar. 

The veins of the brain, instead of being collected into large 
trunks of the ordinary description, open into cylindrical or 
triangular canals in the dura mater, of great strength and thick- 
neis,*which are termed sinuses, and terminate after circuitous 
routes in the internal jugular vein of either side. The oblique 
entrance of the veins of the- ipa: tpt the sinuses, the un 
‘dilatable nature of the latter, Shaty Tong and. wis 5% 
gireamstances that tend ito prevent ‘the s¢ff ue bidet 
7 gre the brain, when:itien ag 
Pho ne apes yeti: rewiai 
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The interesting experiments of Dr. Carson went to show, that 
the resiliency of the lungs is perpetually operating to suck the 
blood into the thorax, pumping out the systemic vessels. 
Dr. Carson supposed that the emptiness of the arteries after 
“death is owing to the draught of blood to the right side of the 
‘chgeirt through this cause. But there is reason to think that 
De Warson over-estimated the influence of this force. Mr. 
'W. Robinson, who has repeated some of Dr. Carson’s experi- 
nyents, . informs me that he has not found the distribution of 

the blood in the veins and arteries equalized by excluding the 
agency of the resiliency of the lungs. The emptiness-of the 
arteries after death is probably rather owing to their contrac- 
tion on life ceasing, and subsequent relaxation; in part, per- 
haps, to their contents transuding. 
-- The influence of the dilatation of the thorax during inspiration 
on the circulation of the blood was placed in a strong light by 
the experiments of Sir David Barry. One of these experiments 
consisted in tying the jugular vein of a horse, and inserting 
into the vein on the side open towards the heart, a flexible 
tube communicating with a spiral tube of glass, which stood 
in a vessel of coloured water. Each time that the animal 
inspired, the fluid was seen to ascend in the spiral tube * 

But other phenomena, several of which with their true 
explanation have long been familiar to physiologists, satisfac- 
torily illustrate the same principle, and show that the influence 
of the state of the thorax upon the circulation is felt at every 
part of the system. During expiration, or in other words 
when the internal area of the thorax is undergoing contraction, 
the flow of the blood into the chest is shown to be retarded by 
the swelling of the superficial veins of the neck. Under the 
same circumstances, the brain, when an opening has been made 
in the cranium, is observed to be lifted up by the blood aecu« 
mulating init. Through the same principle, blood flows in a 
stronger gush from a divided artery during expiration, or even 
from: a vein that after.havyjng been tied is punctured on the 

mnthe heart+. During inspiration, on the 
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system is indeed so strong at this period, that it has happened, 
that where the jugular vein has been opened in an operation 
and not secured, air has been inspired through the vein into 
the heart in sufficient quantity to destroy life. 


SECTION II. 


Of the Pulmonary Circulation. 

The,blood probably suffers some chemical change at every 

, instant in every part of the vascular system; but with this 
difference, that in the trunks and branches the alteration is 
probably strictly internal, like that which wine undergoes in @ 
corked bottle: but in the capillaries the composition of the 
blood is further modified by the perpetual addition and sub- 
traction of ingredients that are introduced into it from without, 
and expelled from it, that is to say, by currents through the 
coats of the capillaries both inwards and outwards, or by 
imbibition and by exhalation. 

Each lung is a tissue of air-cells, into the separate groups 
of which that form its lobules, a terminal branch of the wind- 
pipe opens. Or the trachea divides first into the two bronchi ; 
the bronchus of each lung divides into a branch for each of its 
lobes : and after repeated subdivisions, these end in clusters of 
cells. Upon these cells the capillaries of the pulmonary artery 
are distributed. 

If a lung is inflated and dried, its substance when divided, 
independently of the arteries and veins and bronchial tubes cut 
through, appears uniformly porous. The pores are shallow 
cups, being segments of air-cells. The air-cells are smaller, 
as M. Magendie observed, in infants than in adults, in adults 
than sin persons advanced in age. In the lungs from a body 
about five years of age, I found the air-cells vary in size, but 
on an average to be rts of an inch in diameter, and to be nearly 
circular. In the lungs from a body about fifty years of age, 
their form seemed not to be as regular of aifrm as in the 






preceding instance: thejy, diameter varied gaggia to vw of on 
inch. The extent of the internal surface of (HiBAaHe leas in 
proportion as the air-cells are larger. ol 

The pulmonary tery divides into a branch to ééch lung, 
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lobule. These vessels are accompanied by similar ramifications 
of the pulmonary veins. In the root of each lung the artery 
extends transversely outwards, the veins being situated before 
and below it. The bronchus descends obliquely behind the 
blood-vessels. If colaured water be thrown into the pulmonary 
mrtery, it passes into the pulmonary veins, but in part escapes 
into the air passages. 
_ Each lung receives for its nourishment two or three vessels 
from the aorta, termed bronchial arteries, which are distri- 
buted with the bronchi. The pulmonary nerves are principally 
derived from the nervi vagi, which pass behind the soot of 
each lung, and throw a plexus of branches round it: in part 
they are derived from the sympathetic. The lymphatic vessels 
_from the substance and superficies of the lungs are received into 
a vast number of conglobate glands that are disposed around the 
bronchi and the bifurcation of the trachea. They are remark- 
able for the black colour, which they begin to assume in child- 
hood, and which increases, though not uniformly, with age. 
The lung itself, of a pink colour in infancy, gradually becomes 
in like manner mottled with black. The experiments of 
Dr..Pearson on the nature of the colouring matter seem to 
prove that it is carbonaceous *. 
Through the windpipe atmospheric air finds its way into 
the. cells of- the lungs: it is first inhaled the instant after 
birth, and is continually being expelled and replaced by fresh 
draughts through the operation of muscles, whicl: alternately 
expand and contract the cavity of the chest, as long as life 
remains. If the lungs were inextensible and of a sufficiently firm 
texture, and the muscles which enlarge the chest were to act 
with unlimited force, no air would enter the lungs at each attempt 
to inspire, but a vacuum would be formed between the pleura 
pulmonalis and pleura reflexa. As, however, the lungs are 
readily extensible, atmospheric air rushes into and dilates their 
cells in exact proportion to the expansion of the area of ‘the 
chest, and holds the two. surfaces of the serous membrane in 
_ strict contact tenyet the same points are not always in appo- 
sition: when: iiee est enlarges, the surface of the lung during 
on Silageupon the pleura refexa, as is shewn by: the 
Ae) € shreds of. iymph oy hang the two layers of 
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. Phe pasaage of air into the lungs is so free, that the muscles 
which dilate the chest are not opposed by the atmospheric 
pressure in a greater degree than ‘those which move the limbs ; 
but they have to overcome the resiliency of the lungs, the 
elasticity of the abdominal parietes, and the resistance of the 
joints of the ribs, which all favour the state of expiration. 

The term breathing or respiration is employed to signify 
both the mechanical operation of renewing the air within the 
lungs, and the changes to which its presence there con- 
tributes. 

The mechanical construction of the chest, through which it 
admits of being alternately enlarged and diminished, will be 
subsequently described; every provision which it contains is 
employed in a greater or less degree at every repetition of 
breathing. The difference between a moderate and a deep 
inspiration is in the extent only to which the diaphragm and 
the muscles that elevate the ribs contract. But it may be 
observed, that for the fullest enlargement of the chest, the 
scapula and clavicle are raised and carried backward by the 
trapezius, levator scapule, and rhomboid muscles, so as to 
give greater effect to the action of the serratus magnus and 
pectoralis minor ; and that to yield a freer passage to the air, 
the nostrils are dilated, the larynx descends, and the rima 
glottidis is enlarged. Ordinary breathing takes place between 
the limits of forced inspiration on the one hand, and forced 
expiration on the other. | 
_ Numerous experiments have been made to ascertain the 
quantity of air alternately drawn into and thrown out of the 
chest, in ordinary breathing. Those of Dr. Menzies, which 
coincide nearly in their result with the researches of Jurin and 
Fontana, are commonly esteemed deserving of credit; but 
they differ remarkably from the observations of Sir H. Davy 
and ‘of Mesers. Allen and Pepys. Differences in the relative 
size of the thorax in different persons, a difference in the 
frequency with which breathing is performed, and perhaps 
other causes, may have combitiad to produce this di ney. 
The frequency of respiration: rang imeen | 
twenty-seven times in & minute, but is c 
teen to twenty. a ne a 

Dr,’ Menzive employe 
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tity of an ordinary inspiration. A healthy man five feet eight 
inches in height, and somewhat more than three feet about the 
chest, stood immersed in warm water to above his breast, in a 
vessel which narrowing at the upper part allowed an accurate 
estimate to be made of the level to which the water alternately 
rose and fell while he breathed. His pulse, toth before and 
after immersion, beat sixty-four or sixty-five times, and his 
respirations were fourteen or fourteen and a half in the space 
of a minute; and they continued the same during two hours 
and upwards that he remained in the ¥easel without suffering 
inconvenience. The quantity of air thrown out at eash ex- 
piration averaged at 46.76 cubic inches. The same person 
afterwards was employed to fill a cow’s allantoid, a membranous 
sac well calculated for such a purpose, by repeated expirations. 
The allantoid was found to contain 2700 cubic inches of air, 
and was filled in many trials with fifty-eight expirations, which 
gives 46.55 cubic inches as the quantity of air expired each 
time. The same trials repeated upon a man five feet and an 
inch in height, whose pulse beat seventy-two, and the number 
of whose respirations was eighteen in a minute, gave from 
thirty-eight to forty cubic inches as the measure of a common 
expiration. Repeating the experiment himself, Dr. Menzies 
filled an allantoid containing 2400 cubic inches by about fifty- 
six expirations, giving 42.8 cubic inches as the average quan- 
tity of each; and found that he exhausted the allantoid, when 
previously filled by atmospheric air, by an equal number of 
inspirations *. Sir H. Davy estimates the quantity of a single 
inspiration at thirteen or seventeen cubic inches: Messrs. 
Alten and Pepys at sixteen and a half; Mr, Kite at seventeen ; 
Mr. Abernethy at twelve. 

Dr. Menzies observed that many individuals were capable 
by, a forced expiration of throwing out an additional seventy 
cubic inches; and that the difference between an extrente in- 
spiration and an extreme expiration often exceeded two hundred 
cubic inches: The lungs after death under ordinary cireunt- 
stances are probably reduced’ to the same compass as by a 
’, forced expiration ‘daiting life. Messrs. Allen and Pepys found 
ae the lungs of: @’ stout man about five feet oem ale high 
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after death contained nearly one hundred cubic inches of air. 
Of this quantity 31.58 cubic inches were expelled by the resi- 
lience of the lungs upon opening the thorax *. 

Dr. Bostock estimates the quantity of air, which may be 
voluntarily expelled from the lungs after an ordinary expiration, 
at 169 or 170 cubic inches, from trials made upon himself and 
others. Adding to this quantity 120 cubic inches for the resi- 
dual.air in the lungs, he supposes 290 cubic inches to be the 
entire contents of the lungs in their natural state, to which 
about forty cubic inckgs xgore are added by an ordinary inspi- 
ration.g According to WE calculation, one-eighth of the whole 
contents of the lungs is changed by each respiration +. 

Atmospheric air consists of seventy-nine parts of nitrogen and 
twenty-one of oxygen. A small proportion of both elements, 
which has been variously estimated {, is found to have dis- 
appeared at each expiration: but this phenomenon loses inte- 
rest when compared with the curious circumstance, that a 
disproportionate quantity of oxygen has disappeared, and has 
been nearly or completely replaced by carbonic acid. In the 
elaborate experiments of Messrs. Allen and Pepys, from 8 to 
8.5 per cent. of carbonic acid were observed to be produced by 
each respiration. When the breathing was more rapid than 
usual, a larger quantity of carbonic acid was emitted in a given 
time, but the proportion.at each expiration remained the same. 
The proportions of carbonic acid in the first and last portions 
emitted after a deep inspiration differed as widely as from 3.5 
to 9.5 per cent. On an average it appeared that about 27.5 
cubic inches of carbonic acid are produced per minute, or 
39534 in twenty-four hours; a quantity which contains about 
eleven ounces troy of solid carbon §. 

If a series of experiments conducted with great skill and 
caution, and leading to a theory the most simple, were sufficient 
to deside a question in physiology, the researches of Mesats. 
Allen and Pepys would set at rest every doubt respecting the 
changes produced in the air and upon the blood in breathing, 
They go to establish the facts, that in reapiration the nitrogen, 
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of atmospheric air remains unaltered, and that the carbonic 
acid produced. sxactly equals the volume of oxygen which dis- 
appears. But by former experiments Messrs. Allen and Pepys 
hed ascertained, that in the formation of a given volume of 
carbonic acid during combustion an equal volume of oxygen is 
consumed: and it is admitted that the change wrought upon 
the blood in the pulmonary circulation is apparently no- more 
than might result from the abstraction of carbon. Thus the 
‘xeasential chemical phenomena ef respiration appear to be com- 
prised in the simple statement, that i the lungs the oxygen 
of the atmosphere combines with carbon (which is ig some 
manner separated from the blood), forming with it carbonic acid. 

Facts are not wanting to illustrate every step of the supposed 
process. Plants as well as animals deteriorate atmospheric air 
by substituting carbonic acid for oxygen; and it has been proved 
by the experiments of M. Huber and of Mr. Ellis, that when a 
plant growing in a closed vessel has consumed all the oxygen 
of the atmospheric air which it contained, the nitrogen, which 
remains undiminished in quantity, becomes carburetted ; as if 
carbon spontaneously separated from the living body in a form 
fitted to combine with either element of the atmosphere, and in 
the absence of oxygen might for a time continue to be elimi- 
mated and to unite with another principle. 

But it is evident that the preceding theory rests upon the 
position that the carbonic acid produced in breathing exactly 
equals the volume of oxygen lost. Now although this position 
be supported by the able researches of Messrs. Allen and Pepys, 
and has been advocated by Mr. Ellis, M. Magendie, and others, 
it cannot be’admitted to be universally true. . 

In. the experiments of Lavoisier and Seguin, the proportion 
of oxygen consumed exceeded that necessary for the produc- 
tion of carbonic acid in the ratio of about 100 te 81.5; a 
xesult which exactly coincides with the observations of Sit 
H. Davy. In the recent experiments of Dr. Edwards, in which 
small animals were immersed for a definite period in large 
‘quantities of air, the general fact of the surplus quantity 0; 
oxygen lost is abundantly proved : at the same time: the appa 
‘gently conflicting opinions of preceding physiologists are re 
_1:9btieited by the essential variableness of the resulta, which’ th 
“igggietiments alluded to exhibit. By, Edwards's general, con 
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above the volume of carbonic acid produced, varies from nearly 
one-third of the oxygen that disappears to almost nothing; 
that the variation depends upon the species of the animal 
employed, upon its. age, or some peculiarity i in its constitution ; 
and also that it varies considerably in the same individual at 
different times *. 

Upon these grounds we must adopt a different theory of 
respiration. Part of the oxygen that disappears we must 
suppose to be absorbed in the lungs, and the rest may combine 
with the carbon of the blood to form carbonic acid; or the 
whole may be absorbed, and the expired carbonic acid may be 
a new secretion. Dr. Edwards adopts the latter opinion, and 
supports it by the following curious facts. If frogs during the 
month of March are confined for the period of eight hours in 
pure hydrogen after the previous exhaustion of their lungs by 
pressure, they continue to breathe, although less and less 
vigorously, till near the close of the experiment, during which 
a volume of carbonic acid nearly equal to the bulk of the 
animal employed is given out. A similar result ensued in 
experiments upon kittens. The young of many species of 
warm-blooded animals can exist for some time after birth with- 
out the contact of air: after two-or three minutes, voluntary 
motion ceases: but from time to time deep inspirations are 
drawn, accompanied with yawnings and movements of the 
whole trunk. A kitten three or four days old was placed. in a 
receiver containing pure hydrogen, and performed in nineteen 
minutes about as many inspirgtions. Upon examining the air 
in which the animal had been immersed, it was found toe 
contain twelve times as much carbonic acid as could he ac-. 
counted for by the residual air in the lungs at the beginning 
of the experiment +. 

- Dr. Edwards further found, that the quantity of carbonic acid, 
produeed by frogs breathing in hydrogen during eight hours, is 
equal to that furnished in twenty-four hours by frogs immersed 
ppiae! sales air: a curious result, which seems to show that 


"* De Influence des Agens Physiques, &c., p. 418. See. Hkewiag 
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the principles of the atmospheric air have possibly no influence, 
direct or indirect, upon the separation of carbonic acid. 

The experiments of Dr. Edwards have thrown light upon 
another question, upon which opposite opinions have been 
entertained. M. Cuvier and Sir H. Davy have maintained that 
a portion of nitrogen is absorbed during respiration. Jurine, 
on the contrary, was induced to conclude, from the results of 
his experiments, that nitrogen is generated by respiration: and 
similar results were obtained by Berthollet and Nysten*. 
Dr. Edwards found, by immersing small animals in a large 
quantity of air for a limited period, that in many igstances 
there was an evident increase in the quantity of nitrogen, while 
in others there was a loss of it. He observed, that the former 
change took place when the experiment was performed in spring 
and summer, or when young anithals were employed, while the 
latter result was obtained when the gircumstances of the expe- 
riment were reversed. . 

The production of carbonic acid varies in the same person at 
different times: Lavoisier found it greatly increased by exercise 
and during digestion: Dr. Prout observed it to be increased 
and diminished periodically. The maximum, estimated as equal 
to 4.] per cent. of the oxygen inspired, occurred about noon : 
the minimum, equal to 3.3 per cent., occurred towards eight in 
the evening ; from which time till half past three in the morn- 
ing there was no change. 

It is evident, that when we view the carbonic acid of expira- 
tion, as directly thrown off by the blood, it must be classed as 
a secretion. If so, it forms a remarkable instance of a secre- 
tion that can be made to take place [through artificial respira- 
tion} after death. 

Atmospheric air is probably the only gas which can be 
breathed for an indefinite period with impunity. But other 
gases, as a mixture of oxygen with hydrogen in the prepertions 
of atmospheric air, or nitrous oxide, or oxygen, may be breathed 
for a time without producing mischief. When oxygen nearly 
pure is breathed, the air expired, according nore ngs 
and Pepys, contains above 10 per cent. of carbonic acid : 
proportion of nitrogen likewise makes its appearance in, the 
room of an equal bulk of oxygen. In some recent experiments 
by Mr. Broughton the proportion of, _sarbonic acid formed by 
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animals immersed in jars of oxygen appeared to be smaller. 
At the same time some very interesting observations were made 
upon the poisonous effects of the long continued breathing of 
this gas. After a period extending from one hour to four or 
five, rabbits and young cats and dogs began to breathe quick 
and pant, the heart acting violently. They then fell into a state 
of debility, and became insensible: the diaphragm then gra- 
dually ceased to act: but the heart continued to act strongly 
for some time afterwards. Some of the stronger animals, after 
having become insensible, recovered when restored to the 
atmosphere. In those which were opened, the blood was found 
‘equally “bright and crimson Seen, in the veins, the heart, 
the arteries. 

- Other gases, a3 sarbutetien hydrogen, sulphuretted hyd:ogen, 
carbonic oxide, and perhaps nitrous gas, when breathed occa- 
sion death immediately; ®#it at the same time they produce 
certain changes in the*blood, and therefore kill, not merely by 
depriving the animal of air, but by their specific properties *. 

Other gases again, hydrogen namely, and nitrogen, occasion 
death when breathed, simply by depriving the animal of atmo- 
spheric air. 

The preceding sorts of gases have been deemed respirable, 
inasmuch as they admit of being drawn into the lungs. One 
other kind still remains, which is termed irrespirable. Carbonic 
acid, and possibly acid and alkaline gases in general, are of this 
description. The instant that a draught of carbonic acid 
comes in contact with the apertare of the glottis, the latter is 
spasmodically closed, so that the attempt to inspire is ineffec- 
tual. The same thing happens when an animal is drowned in 
water or in quicksilver; and in each case the lungs are found 
emptied to an extraordinary degree, by the expirations which 
the animal makes before each renewed and fruitless effort to 
inspire.e 

The air thrown out of the chest in ordinary breathing con- 
tains an aqueous vapour, or carries off by evaporation the liquid. 
which lubricates the inner surface of the air-cells and bronchi, 
of the trachea, the larynx, and the fauces. According to 
Dr. Hales, the quantity of Auid from this source amoutite to 
about twenty ounces in the twenty-four. hours : sooo to 
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Dr. Menziés, to six ounces: according to Mr. Abernethy, to 
nine ounces: according to Dr. Thomson, to nineteen ounces. 
M. Magendie has ascertained that a large proportion of this 
vapour is derived from the membrane lining the mouth and 
fauces, and mentions that its quality is readily modified by 
changes in the state of the blood. If odorous substances be 
placed in a serous cavity or injected into a vein, the breath 
acquires their odour. If a solution of phosphorus in oil be 
thrown into the veins of a dog, its expirations are luminous in 
the daik, and in the light appear loaded with a thick white 
vapour, which consists of phosphoric acid *. . 

The fine membranous texture of the lungs, which appears to 
allow an instantaneous passage to the gaseous fluids that are 
absorbed by or separated from the blood, is readily permeated 
by the substances which the air holds in solution. Thus the 
vapour of turpentine, when inhale dg its way into the blood, 
the urine acquiring in a short time that hell of violets, which 
characterizes the absorption of turpentine. By the same channel 
the fumes of tobacco find entrance into the system; and pro- 
bably likewise those miasmata, which are of so delicate a 
nature, that their existence is detected only by the influence 
which they exert upon the human frame. 

Respiration has a remarkable consent with the action of the 
heart. When the pulse is frequent, the breathing is hurried ; 
when the pulse is slow and gentle, respiration is scarcely to be 
observed: when, for experiment’s sake, we breathe more fre- 
quently than usual, the pulse becomes more frequent; when 
the breathing falls back to its usual rate, the heart’s action 
again gradually subsides. The means by which this consent 
is established are unknown. 

Respiration is remarkably modified by different affections of 
the mind. In some states. of highly-wrought emotion the 
breathing is hurried and difficult; at the same time the voice 
is observed to fail. Perhaps both phenomena result from the 
‘dpasmodic action of the muscles which close the glottis. After 
violent bodily exertion breathing is more frequent and the 
inspirations are deeper. 
. Each act of inspiration requires a special impression through 
‘the nerves upon the muscles which dilate the chest,. When. 
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the spinal cord is divided without violence above the origin of. 
the phrenic nerves, respiration ceases at once, while the heart’s 
action continues without undergoing any immediate change. 
When the phrenic nerve is irritated in an animal immediately 
after death, the diaphragm acts. When the phrenic nerves are 
divided in a living animal, the diaphragm is in a great measure 
paralyzed ; but respiration continues through the alternate 
action of the muscles which raise and depress the ribs. Respi- 
ration is always peiformed with a conscious effort during our 
waking hours; but we seem not to regulate the frequency of 
its recyrrence or its limits: nevertheless, we can at will enlarge 
or diminish the area of the chest, and stop, accelerate, er retard 
the act of respiration. When we attend to our breathing, or 
regulate its rate, it quickly becomes fatiguing; but the same 
happens with any voluntary and habitual action, if we attempt 
to perform it analytically by directing the attention to every 
step in its progress. * 

The influence of the pneumogastric nerves on breathing is 
imperféctly understood. In general, when these nerves are divided 
about the middle of the neck, respiration immediately becomes 
laboured, or hurried and irregular, and the animal dies in a few 
hours. This speedy death probably ensues in consequence of 
the muscles, which tend to open the passage of the glottis, 
being paralyzed by the experiment, while the opposite class 
remains unaffected by the division of the nerves. In an ass in 
which labouted breathing was produced by cutting through the 
par vagum, I found the respiration to become easy and natural 
upon opening the trachea; it continued so for three hours, 
when the animal was destroyed. In a dog in which the par 
vagum was divided in the neck, the animal sarvived’ three 
days: there was dyspneea with frequent vomiting, and the 
stomach was found to have become inflamed. According to 
the olkservations of Sir B. Brodie, after the division of the par 
vagum # less quantity of carbonic acid is evolved, the respira 
tions are much diminished in frequency, and the blood jn thy, 
afteries assumes a darker hue; but its aatural colour may be 
restored by artificially inflating the langs*. Dr, W. Philip 
mentiona that the dyspnea produced in dogs and rabbite by 
thé division of the = i a in the neck, may be religved by 
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the continued application of galvanism to the chest: the ani- 
mals nevertheless die: but the surface of the lungs, though 
reddened generally, appeared to Dr. Philip in this experiment 
not to show the patches of red, nor the bronchial cells the 
quantity of frothy mucus, usually observed after the division 


of the pneumogastric nerves. 


SECTION Iii. 
Of the Circulation through the Body. 


All the phenomena of the circulation, which we have 
hitherto considered, may be viewed as preparatory to one im- 
portant object,—the transmission of arterial blood through the 
capillary vessels of the aortic system, in which it conduces 
immediately to the support of life. It is here that the blood 
becomes deteriorated ; when having lost its florid hue and 
become venous, it has to toil back to the heart and through the 
lungs to re-acquire its vivifying properties. 

The phenomena dependent upon the circulation through the 
body, may be classed under the heads-of excitement, secretion, 
the distribution of heat, and absorption. 

I. The functions of the nervous and muscular systems 
appear to flag if arterial blood be not propelled in adequate 
quantity and with sufficient force through their capillary 
vessels ; and although the term excitement may be an im- 
proper term to denote the influence which the blood in this 
instance exerts, and which may be but a part of nutrition, yet 
the phenomena are so remarkable as well to merit separate 
consideration. Perhaps they are of the same nature with the 
following circumstance observed by Dr. Edwards. When frogs 
are deprived of their hearts, they continue for a time to exhibit 
voluntary motion; if they are plunged in water, however, they 
quickly lose all appearance of life, and remain motionless and 
insensible under mechanical lesion; but upon withdrawing 
them from the water as soon as they have fallen into this state, 
they revive and move spontaneously, The exciting or invi- 
gorating influence of the atmosphereg gt! is case may serve to 
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illustrate the action of arterial blood upon the organs of warm- 
blooded animals * 

1. When from hemorrhage, or from feebleness of the heart’s 
action, arterial blood is thrown with less force and in less 
volume than usual upon the brain, fainting is ushered in by 
sensations of languor and feebleness, the ears ring, giddiness 
ensues, consciousness is lost. If in such a case the nervous 
system be excited by ammonia held to the nostrils, the heart 
beats more vigorously ; and if the patient be laid in a horizontal 
posture, the flow of arterial blood to the brain is facilitated : 
by th€se means the conditions which produce syncope are 
removed, and the fainting persun revives. It deserves to be 
remarked, that continued faintness after hemorrhage is to be 
encouraged as a salutary provision in cases where we cannot 
directly command the flow of blood ; while faintness lasts, the 
tendency of the blood to coagulate is considerably increased, 
upon the effects of which the prevention of a return of hemor- 
rhage greatly depends. By repeated or profuse hemorrhage, an 
exsanguinated condition of the body is produced, with alarming 
debility, which perhaps authorize, as Dr. Blundell a few years 
since argued, the transfusion of blood in such cases from the 
veins of a healthy person. The original experiment of Lower, 
performed about the year 1660, consisted in connecting by 
means of a tube an artery of one animal with the vein of 
another; in one instance a healthy man thus received into his 
system about nine ounces of the blood of a young sheep with- 
out suffering from it: but subsequently the operation being 
employed medicinally met with some notable failures and fell 
into disrepute. Dr. Blundell has made it appear that the 
transfusion .of blood in animals of different species may be 
fatal; but has shown that in animals of the same species, if 
the operation be performed with sufficient adroitness and 
celerify, the blood may be successfully and safely transferred by 
means of a syringe +. 

2. When any cause prevents the introduction of atmo- 
epheric air or of air containing oxygen into the lungs, the 
blood is returned unchanged to the left side of the heart, 
venous instead of arterial blood is thrown into the brain, and 
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consciousness is suspended. This state is termed asphyxig ; 
the feelings with which it commences were ascertained by 
Pilitre de Rosier, who placed himself in irrespirable air by 
entering into a brewer’s tub while full of carbonic acid evolved 
by fermentation. A gentle heat manifested itself in all parts of 
his body, and occasioned a sensible perspiration. A slight 
itching sensation constrained him frequently to shut his eyes. 
When he attempted to breathe, a violent feeling of suffocation 
prevented him. He sought for the steps to get out, but not 
finding them readily, the necessity of breathing increased, he 
became giddy, and felt a tingling sensation in his ears. As soon 
as his mouth reached the air, he breathed freely, but for some 
time he could not distinguish objects ; his face was purple, his 
limbs were weak, and he understood with difficulty what was 
said to him. But these symptoms soon left him. He repeated 
the experiment often, and always found that as long as he con- 
tinued without breathing, he could speak and move about 
without inconvenience; but whenever he attempted to breathe, 
the sensation of suffocation came on *. 

Symptoms very similar appear to have been produced in 
one experiment of Messrs. Allen and Pepys, when the same 
three hundred cubic inches of atmospheric air were passed and 
repassed from eight to ten times through the lungs: the 
operator became insensible. It deserves remark, that the air 
which had been employed was found to have gained only ten 
per cent. of carbonic acid ; so that life, it appeara, would pro- 
bably be lost before the entire consumption of the air of a 
confined space. Lavoisier found, however, that by repeatedly 
withdrawing an animal and reviving it, it might be made to 
consume nearly all the oxygen of a given quantity of atmo- 
spheric air before death. Otherwise birds die before two-thirds, 
and mice and Guinea pigs before three-fourths of the oxygen 
of the air are destroyed. 

When the influence of causes which produce asphyxia is 
prolonged, the face becomes bloated and livid, the efforts at 
respiration Geagd, and the heart’s action gradually fails. The 
firat attempt to be instantaneously made in such @ case is to 
inflate the lungs, either with fresh atmoapheric air blowa with 
bellows into the nostril, or with air thrown from the lungs of an 
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assistant into those of the asphyxiated person. The body 
as a general rule should be kept warm; but in cases from 
the burning of charcoal, the application of cold is said to be 
useful, 

The period i is not determined at which the power of resus- 
citation is lost after breathing has been wholly prevented : 
probably does not much exceed four or. five minutes: sical 
this time life may be considered irrecoverably gone, not merely 
in consequence of the continued suspension of the energy of 
the brain, but because the heart appears to lose its irritability 
when forid blood is not circulating in its vessels. The experi- 
_ ments of Sir B. Brodie and of Dr. Wilson Philip, which have 
been already mentioned, show that after the removal of the 
brain and spinal cord the heart will continue to act for a length 
of time, if by means of an artificial respiration it continues to 
receive florid blood; but if this excitement be withheld, the 
tendency of the heart to alternate action and relaxation quickly 
ceases. 

3. When nitrous oxide is breathed, although it is uncertain 
in what degree and by what means the nature of the blood is 
modified, yet its effects upon the brain are remarkable, and 
illustrate in a different manner the stimulating effect of the 
blood. In this instance its power of excitation is increased ; 
and phenomena occur resembling considerably those of intoxi- 
cation; a degree of vertigo is experienced; the spirits are 
exhilarated ; the muscular force appears increased, and a ten- 
dency to violent bodily exertion ensues. When a mixture of 
oxygen with hydrogen is breathed, a sedative effect appeers to 
be produced. On breathing oxygen nearly pure for a short 
time, a general glow over the body, with gentle perspiration and 
quickened pulse, has been observed to take place. 

4. When warm water,is injected into the veins of an animal 
en equal quantity of blood has been drawn from its body, 

e animal becomes enfeebled, and its nervous energy dimi- 
nished. Magendie found the excited state of a rabid dog 
temporarily subdued by this means. 

& If air be thrown into the jugular vein of an animal. 
eiddenly and in large quantity, a peculiar sound is ‘Head id 
the chest; the animal utters cries expressive of suffering and 
Nui perishes. If air, however, be introduced ‘gradually 

te veins, it freque aity happens that no symptant. follows, 
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The fatal effects of air becoming mixed with the blood suggests 
a caution in reference to operations in the neck, by which the 
external jugular vein may be opened. ‘It has happened in such 
a case that air has been drawn during jnspiration through the 
open vein into the right cavity of the heart ; faintness, cold 
perspiration, with a peculiar noise in the chest, ensued, and the 
patient expired in a queértet of an hour *. 

Medicinal substances introduced into the blood in small 
quantities act promptly and violently; they are thus admi- 
nistered in the veterinary college at Copenhagen. Oily and 
viscid substances introduced into the blood produce_ death 
rapidly, by obstructing the pulmonary capillaries. An American 
physician, it appears, tried in his own person the injection of a 
small quantity of castor oil into the blood. Nausea, witha 
taste of oil in the fauces, an indescribable sensation ascending 
towards the head, faintness, with spasm of the muscles of the 
jaws and an imperfect articulation, griping with tenesmus, 
ensued, and the imprudent experimentalist did not regain his 
health for several weeks +. 

Il. From the blood in the capillary vessels of the aorta 
the various substances of which the body consists, or which 
are thrown out upon its surfaces, appear to be separated or 
secreted {. It is not known whether apertures exist in the 
capillaries specially organized for this purpose, or whether 
the different elements transude through an uniformly porous 
texture. When size and vermilion have been thrown into the 
aorta so as to inject the whole body, there is found in the 


* Magendie, Journal de Physiologie, tome i, p. 193. 

+ Magendie, Elémens de Physiologie, tome ii, p. 431. : 

t There are probably two exceptions to this statement. The bile 
appears to be secreted from the capillaries of the vena porte ; and the 
aqueous vapour of the lungs is perhaps in part supplied frum the capillaries 
of the pulmonary artery. The reader will likewise observe, that in descr 
ing secretion and venous absoption in connection with the circulation of the 
dedy, 1 am using an arrangement purely arbitrary, and which I adopt only 
because the instances of pulmonary secretion aud absorption are confined to 
one or two cases. The capillaries of the pulmonary artery imbibe sub- 
stances that enter the lungs with the air we breathe, as for example the 
vapour of turpentine; and in the opiniun of many physiologists the same 
vessels continually secrété carbonic acid, The pulmonary capillariéxy 
seem naturally as well fitted for both the functions adyerted to, as DRgorti 
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serous cavities a quatitity of colourless size, which must have 
been strained through very minute orifices, and is supposed to 
illustrate the mechanism of secretion. But in truth we know 
very little respecting the.intimate nature of this phenomenon. 
Nor does it much aid our inquiries to classify its products 
according to their chemical relations: but it is teresting 
to remark, that although the elements.ef one secreted sub- 
stance are readily distinguishable in the blood, while those 
of another have properties totally unlike that fluid, yet that 
the quantity of secretion always has reference to the quantity 
of blogd circulating ina part: that when the former 1s increased, 
as from the mamma after parturition, the arteries of the part 
are enlarged: and conversely, that in order to check the 
increase of a vascular tumour, it has occasionally been found 
sufficient to tie the main artery leading to it. 

Secretion furnishes products that are of two kinds; those, 
namely, which belong to the constitution of organs, being 
either solid or fluid; and such as are poured out in variable 
quantities upon the skin or on mucous surfaces, from which 
they are mostly mechanically removed before their function is 
attained. The former are called instances of nutritive, the latter 
of functional secretion. 

1. No special organization appears necessary for nutritive 
secretion, or for the separation from the blood of the elements 
by which the body grows. Capillary vessels that carry red 
blood are distributed with considerable minuteness in every 
organ; and it may be presumed that growth takes place by 
the separation of the requisite elements from the blood in these 
vessels, through some modification of the principle of exosmose. 
Plants share the function of nutritive secretion with animals; 
and accordingly it seems in great measure independent of the 
influences peculiar to animal life. The hair and nails are said 
to gyow after death: in a paralyzed limb, growth and the 
common phenomena of reproduction take place. When the 
fifth pair of nerves had been divided upon the petrous portion 
of the temporal line in a rabbit, upon breaking off the crown of 
ak incisor t tgoth, I found the part reproduced as rapidly as in an 
animel in “which the nerves were entire. The human mola 
is sometymes found to have attained considerable development 

Sehgal ithe brain ot spinal cord. Dr. Clarke met with a 
. in which after the: Aprth of a perfect foetus, another sub- 


d Influences which modify Nutritive Secretion. 


ance was expelled, inclosed in a distinct bag of membranes. 
he merabranes consisted of decidue, chorion, and amnios, and 
ad a placenta belonging to them, which was attached to the 
lacenta of the perfect child. The mola itself was about four 
ches in length and three in breadth, of an oval figure, and 
ttached to the placenta by a small and thin funis. There 
ras no vestige of head or neck, no ribs, nor clavicle, nor 
capula: it had four projecting parts, of which one bore an 
mperfect resemblance to the foot of a child. The surface was 
overed with the common integuments : the soft parts consisted 
f an homogeneous fleshy texture, but without any regular or 
listinct arrangement of muscular fibres, and was very vascular 
hroughout : it contained an os innominatum and an os femoris 
f£ the natural size at birth, with a tibia and fibula shorter than 
1atural, A portion of small intestine with a peritoneal cover- 
ng and mesentery was found, but no glandular substance. 
[t had neither heart nor lungs; neither brain, spinal marrow, 
1or nerves. The umbilical cord consisted of an artery and 
rein. Before the internal structure was examined, the navel- 
string of the perfect foetus was injected ; from whence the injec- 
lion passed through both placente, and then into the substance 
of the mola*. 

Nevertheless it has been proved, in the instance of one organ 
of very delicate fabric, that its nutrition is disturbed upon the 
division of one of the nerves which supply it. M. Magendie 
found, that when the fifth nerve is divided in the cranial cavity 
of a rabbit close upon its apparent origin, the surface of the 
eye inflames at its upper part, and the upper segment of the 
cornea becomes clouded. And what is still more remarkable, 
as tending to show conjointly with the preceding experiment 
that the influence of nerves upon nutrition is in part indepen- 
dent of the brain, M. Magendie found that if the fifth nerve 
be destroyed upon the petrous portion of the temporal pone, 
where its destruction involves that of the ganglion of Gasser, 
the entire cornea becomes opaque in twenty-four hours, and 
the opacity daily increases ; on the second day the tunica con- 
junctiva reddens and secretes pus, and the iis becomes 
inflamed and covered with lymph; about the eigfith day the 
cores begins to ulcegeée in its centre and at its edges the eye 
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bursts, and the humours being discharged, wastes and shrinks 
to'a small nodule *. 8 

The inflammation of thé stomach, which easues upon the 
division of the par vagum in animals that survive the operation 


‘for three or four days, is probably «phenomenon of the same 


kind as the preceding. ioe 

Nutritive secretion has a strict refereace to the physical 
impressions made upon a part. When “any part of the frame 
happens to be habitually used in an employment requiring the 
exertion of mechanical strength, the muscles of that part become 
larger, @rmer, and more powerful, the bones enlarge, the sinews 


become stronger. If continued pressure is made upon a bone, 


such for instance as is sometimes made upon the lower jaw 
through the use of instruments in weakness of the spine, an 
exostosis is liable to rise from the bone, over which the skin is 
not tensely extended, but grows so as to form a loose capsule 
containing it. Ifthe pressure be now discontinued, the tumour 
wastes and disappears. Thus again if a limb is kept abso- 
lutely at res#; its different textures are found to waste, becom- 
ing diminished m bulk and in strength. Medicines seldom appear 
directly to affect nutritive secretion; yet mercury in some 
instances appears to act locally in reducing the thickening of 
parts that has followed inflammation; liquor potasse taken 
internally sometimes answers the same purpose; and iodine has 
been thought to exert a specific influence in reducing the 
enlarged thyreoid gland. 

2. The saliva, the bile, the urine, the perspiration, are in- 
stances of functional secretion. They are liquids, which exude 
upon mucous surfaces, or upon the skin; they are formed,.as 
occasion requires, in variable quantities, and they are speedily. 
removed from the surfaces on which they are produced for soma 
purposes in the vital cxconomy. Some of these fluids, as for 
instance the perspiration and the urine, are probably wholly 
exerementitious ; others, as the saliva, are perhaps whally're-. 
absorbed ; a third set, including the: bile, seems to partake’ of 
both these characters. « : Se 

The kind gf organ ia which functional secretion takes. place 
is greatly Piversified. In ene instance, as in the conpitietiné 
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uniform vascular superficies appears to pour out the fluid. In 
another, as in the stomach of the ostrich, numerous orifices dre 
seen upon 2 surface, each of which leads into a sac of mem- 
brane: lying’ intricate folds, so as greatly to increase the 
vascular superficies. The lacune of the urethra, which are 
plain shallow pouches of mucous membrane, are among the 
simplest secreting organs of this de&cription. Ina third in- 
stance, as in the pancreas, a fleshy substance presents itself, 
consisting of numerous similar and coherent particles, which is 
termed a conglomerate gland. From each separate molecule 
of the gland, one excretory tube at least issues, the mode of 
communication between which and the arteries and veins of the 
part is supposed to be transudation through the coats of the 
capillary vessels and of the capillary excretory tubes, that lie 
in immediate juxta-position. In general the excretory tubes 
of a conglomerate gland coalesce to form a single trunk. Each 
elementary portion of such a gland resolves itself into blood- 
vessels and excretory tubes with nerves and lymphatics. It is 
the commonly received opinion, that a vascular metibrane is all 
which is requisite for secretion, and that the other contrivances, 
which have been described, are but methods of conveniently 
packing a large extent of secreting surface in a small compass. 
Functional secretion is to a remarkable degree influenced 
through the nerves. Upon one affection of the mind the tears 
flow, upon a second the urine, upon another the saliva: yet I 
found upon cutting the nerves of the kidney in a dog, that in 
half an hour afterwards a quantity of urine had accumulated 
in the pelvis of the kidney, and in the ureter, which had been 
tied. In this as in the first kind of secretion, physical im- 
pressions made upon the secreting organ directly influence the 
rate of production. Upon the removal of the young from its 
mother the secretion of milk after a short time entirely ceases, 
in circumstances where the gland would, if the demand for 
milk had continued, have continued its action for several 
months. The influence of medicines tells immediately apon 
functional secretion. Many classes of drugs derive their names 
from the ga which they possess of increasing, the flow of 
saliva, of fie-urine, and the like; and their valW\ in thera- 
peutics, from the cogéiection which exists hetween the rate of «’ 
any one secretion and the conditiag.of the whole b ir 
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Heat liberated when the Blood becomes venous. "7 


B. Brodie ascertained that the secretion of urine does not take 
place in animals, in which after decapitation the circulation of 
the blood is sustained by an artificial respiration *, 

Three suppositions present themselves, as to the place in 
which the secretions are formed: either they may be produced 
in the blood while circulating in the system at large, and be 
simply separated through the intervention of secreting organs,— 
or the entire process of secretion may take place in the capil- 
laries in each part,—or the elements of the different secretions 
may spontaneously develop themselves to a certain extent in 
the blapd at large, yet require the influence of the. capillary 

tubes in the part where they are separated, for their complete 
elaboration. The principal fact with which we are acquainted 
upon this subject is the observation of MM. Prévost and 
Dumas, that after both kidneys have been removed, an animal 
survives several days, during which the characteristic element 
of the urine accumulates in considerable quantity in the blood. 

III. When the resemblance was ascertained between the 
effects of cagabustion and of respiration upon atmospheric air, 
the lungs, which were previously supposed to act in cooling the 
heart, were invested by physiologists with the office of pro- 
ducing animal heat. The difficulty of accounting on this sup- 
position for the equal diffusion of warmth throughout the body 
was evaded by, and served to confirm the beautiful theory of 
Crawford. By careful experiments Crawford became satisfied 
that arterial blood has a greater capacity for heat than venous 
blood, in the ratio of 114.5 to 100. The heat therefore libe- 
rated in the lungs during the conversion of oxygen into car- 
bonic acid might instantly again become latent, forming an 
unobserved element of arterial blood in its flow through the 
body ; till at the subsequent conversion of arterial into venous 
blood in the capillaries, it would become liberated at each. 
point in the system. Numerous observations, which have sace 
cessfully established that the vital heat in different animals, in 
the same individual, end even in plants, has a close relation to 
the quanty of oxygen consumed by them, seemed to. plags:the 
theory of ford beyond the reach of innovation, Recent 
inquiry congars with former experience upon the point ‘besoke 
we Dr. Zdwards has ascertained, thagayoung anigials’ don. 
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sume in proportion less oxygen than adults, and have a less 
power of generating heat; and that young animals differ 
among each other in the power of producing heat, something 
in the ratio of the oxygen which they destroy; Where respi- 
ration is imperfect, as in asthmatic patients, the temperature 
of the body is lower. Where pure arterial blood does not cir- 
culate through the body, as in those m whom a.communication 
exists between the right and left cavities of the heart, the 
temperature is below the usual standard. 

- But the experiments of Sir B. Brodie show the pre- 
ceding argument to be fallacious, and prove that Crawford 
must have overrated the difference in the capacities for heat 
of arterial and venous blood, upon which his theory rested. 
Fwo rabbits, as nearly alike as possible, were destroyed by 
decapitation after securing the vessels in the neck: in one the 
circulation was kept up by means of artificial breathing ; 
the other was left untouched in the same room at the same 
temperature. Of these two dead rabbits the first was observed 
to cool more rapidly than the second: yet in $he first the 
chemical influence of respiration was perfectly maintained, the 
blood circulating through the lungs from a dark hue assumed 
the arterial character, that circulating through the body became 
venous; and the air respired was detertorated exactly as by the 
breathing of a living rabbit. Nevertheless, heat was not de- 
rived in sufficient quantity from this source to malee up for the 
lowering of temperature produced by the fresh draughts of 
cool air into the Jungs of the dead animal: the thermometer at 
the expiration of thirty minutes stood at 97° in the rectum of 
the first, at 98° in the rectum of the second rabbit *, “Subse- 
quent researches upon this subject by Dr. W. Philip and 
D1. Hastings tend to show, that the rapid cooling of the first 
animal in the experiment detailed may have resulted in part 
from too large an inflation of the chest; that upon aypiding 
this excess, the process of cooling appears even to be retarded 
by artificial reepiration, but not to a degree that imvalidates 
Sir B, Brodie’s experiments. 

But prone the theory of Crawford be thud set aside, it 
wae gle that arterial blood may prove bysome other 
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exist between the temperature of parts and tie afflux of arte- 
rial blood; and the following experiment by Dr. Wilson Philip 
may serve to show how the decomposition of the latter through 
an agency, in many instances analogous to the nervous in- 
fluence, may produce heat. Upon applying the galvanic in- 
fluence to arterial blood immediately upon its being drawn, an 
evolution of heat amounting to 2° or 3° took place, while the 
blood assumed a venous hue. The trial was made with the 
arterial blood of a rabbit, the rise of temperature ceased to show 
itself in two minutes after the blood began to flow from the 
vessel,gbut the change in colour continued to be produced, 
accompanied with an extrication of gas through the galvanic 
influence. No rise of temperature could be produced 1 im venous 
blood by the same means *. 

Physiologists at present incline to the belief that the pro- 
duction of animal heat depends upon the nervous influence : 
yet the best evidence which we possess shows only that tem- 
perature may be modified through the nerves, like every other 
physical endowment of the body. Sir Everard Home found, 
that upon the division of the nerves distributed to the growing 
antler, its temperature fell immediately several degrees, but 
rose again a few days afterwards even higher than the tempera- 
ture of the opposite horn+. Sir Everard mentions on the 
same occasion some curious instanees of a partial extrication 
of heat, which he refers to nervous agency: the oviduct of a 
frog ready to spawn is two degrees hotter than the heart; and 
it appears on the assertion of Dr. Granville, that during labour 
the heat.of the uterus is sometimes raised to 120°; but a very 
similar phenomenon has been observed to occur in plants, in 
which no. organs analogous to a nervous system have been 
traced : M. Huber observed, that when the temperature of the 
atmosphere stood at 21° cent. a thermometer surrounded with 
spadices of the arum cordifolium during the proeess of cecnads= 
tion stood at 42° tf. : 

Upen the whole, we must admit that the source of vite 
heat remains yaknown. ~ Its-remarkable influence in the humei: 
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means of the bleod-vessels are principally owing to the re- 
searches of M. Magendie, from which I extract most of the 
following observations. 

The thigh of a dog, which had previously been stupefied by 
opium, was separated from the body by the division of every 
part but the crural artery and vein; into each of these vessels 
a quill was introduced and tied with two ligatures, between 
which the vessel was divided : thus a channel was provided for 
the circulation of the blood, and all other communication 
between the body and the limb was cut off. Two grains of 
the upas tieuté were then inserted into a wound in the, foot of 
the separated limb. The poison manifested its effects upon the 
system in the ordinary time, that is, in about four minutes; 
and we are given to understand that the animal died within 
the tenth minute. 

A fold of small intestine (this experiment, though founded 
upon M. Magendie’s, was made by M. Ségalas) was drawn out 
of a wound in the belly of a dog. All the blood-vessels pass- 
ing to and from it were tied but one large artery. A vein 
punctured upon the mesentery allowing the escape of blood 
prevented congestion. The lacteal vessels and the nerves were 
left entire. The fold of intestine was then tied at both extre- 
mities, was opened, and an aqueous solution of the alcoholic 
extract of nux vomica poured into it. During the hour which 
followed, the poison produced no symptoms. The ligature 
being then removed from one of the veins, blood was allowed 
to returi. to the heart after circulating through the previously 
isolated portion of bowel. In six minutes from rhe Ume the 
- poison took effect. 

The preceding phenomena admit of two hypothetical ex- 
planations. We may suppose either that the veins possess a 
special power of absorption through some mechanism not as 
yet discovered; or that a “poisonous substance may find its 
way into the blood through the coats of the vessels, by virtue 
of that imbibition or transudation of a nature partly chemical 
partly mechanjcal, which takes place in dead organized matter, 
and which. itis analogically probable takes pi\ce in living 
matter. aa inal The latter supposition has the 
tion of ‘axsuiimng nothing. The following facts ap 
to support it. 
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If a piece of beef be put in salt, in a few days the saline 
fluid will penetrate the whole mass. 

If the abdomen of an animal be opened some time after 
death, the parts adjoining the gall-bladder will be found to be 
deeply tinged with bile. 

If the theca vertebralis of an animal is opened during life 
or soon after death, a quantity of fluid is found in it: a like 
quantity of fluid is not found if the examination is delayed 
till some days have elapsed. 

If half an ounce of acidulated water is introduced into the 
pericardium of a dog killed twelve hours before, and warm 
water is injected in a continued stream through the coronary 
arteries, so as to flow into the right auricle of the heart, in four 
or five minutes the water gives unequivocal evidence of con-. 
taining acid. 

In an animal that had been killed by the wound of a Javanese 
poisoned arrow, the parts around the wound became of a brown- 
ish yellow colour for the depth of several lines, and took the 
bitter flavour belonging to the poison. 

The preceding instances establish the fact, that dead flesh 
will allow of free imbibition or transudation; so that a sub- 
stance introduced into it, whether liquid or solid (so that it be 
capable of being dissolved by the juices of the flesh), will fiad 
way into the cavities of its blood-vessels. 

If a drop of ink is placed upon the peritoneum of a living 
animal, it sinks into it and forms a large circular stain, which 
at first 1s confined in depth to the serous membrane, and takes 
a much longer time to penetrate the subjacent textures. 

If a small quantity of ink is introduced into the pleura of a 
young dog (the experiment succeeds better upon smaller ani- 
mals), in an hour the pleura, the pericardium, the intercostal 
muscles, and the surface of the heart itself, are sensibly dis- 
coloured, and assume a black hue. . 

I€ the jugular vein of a young dog is raised from its place 
without interrupting the circulation, a slip of card being intro- 
duced between Jt and the adjoining parts, and the vein is. 
carefully denuged of the surrounding loose texture, ang. 
aqueous solyfion of the alcoholic extract of nuy.- 

the middle of the. card so as to pe 
vein, in less than. fear minutes the effeeta‘of the 
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poison show themselves; at first faintly, but soon after so 
actively as to require the employment of artificial eepuanen 
to keep the animal alive. 

On comparing these results with the preceding series, it 
appears impossible to doubt that they depend upon a like 
transudation taking place in the living body to that which 
occurs in the dead. But various circumstances have been 
ascertained to prevent, or retard, er accelerate this mode of 
absorption ; and it is remarkable that they are consistent with, 
if they do not materially strengthen, the hypothesis which we 
have adopted. 

Imbibition takes place more readily upon serous than UPON t 
mucous membranes, more readily upon very vascular surfaces 
than upon those which are less so. 

The method common among barbarous nations of extracting 
poison from wounds by suction, is consistent with the suppo- 
sition that it makes its way into the system by mechanical 
imbibition. 

If a ligature is applied around a limb bitten by a venomous 
serpent, no symptoms appear as long as the pressure is kept 
up. The ligature stops the circulation of the blood, and thus 
is calculated to prevent the poison being conveyed to the beart 
and to the brain, when it has penetrated by transudation the 
cavities of the vessels and has become mixed with the blood. 
If it be true that continued pressure of a ligature, though in- 
sufficient wholly to stop the circulation, yet destroys the effect 
of the poison, this result may be attributed to the gradual 
introduction of the poison into the system in quantities too 
small to produce any symptoms. 

The interesting experiments of Dr. Barry upon the absorp- 
tion of poisons are to be explained upon the same principle. 
Dr. Barry found that the usual effects of introducing prussic 

acid, strichnine, or the upas tieuté into the subcutaneous 
tissue of animals are prevented, if a cupping-glass is applied 
over the wound, or in its immediate vicinity. If the cupping- 
glass is applied for a short time only, and then removed, the 
symptoms of poisoning show themselves; but\hey disappear 
again w nthe reapplication of the pressure. FA the cupping- 
glass is apy for a considerable length of time, up its removal 
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poisoning may be prevented, or arrested after the symptoms 
have begun to show themselves. The application of the 
cupping-glass has this among other important advantages over 
the ligature, that it not merely stops the flow of the blood 
from the part, but even draws the liquids in its vicinity within 
or towards its circumference, causing them, in fact,. even to 
exude, if the cupping-glass is applied over the wound. If the 
cupping-glass is applied in the neighbourhood of the wound, 
an incision between the edge of the cupping-glass and the 
wound allows the poison to act by interrupting the natural 
derivation of the fluids towards the part from which the 
atmospheric pressure has been removed *. 

If an animal is placed in a state of artificial plethora by 
injecting a large quantity of warm water into its veins, a 
poison introduced into the pleura, which ordinarily shows its 
effects in two minutes, in half an hour produces no symptoms, 
Upon drawing a large quantity of blood from a vein, the effects 
of the poison discover themselves. 

If a quantity of blood is drawn from an animal, and is 
replaced with an equal quantity of water, poisoning takes place 
in the same time as under ordinary circumstances. 

If a quantity of blood is drawn from an animal and no 
substitution of another fluid made, a poison which naturally 
operates in two minutes produces symptoms in thirty seconds. 

In these cases it appears that the degree of distension of the 
vessels influences the facility with which a poison is intro- 
duced into the system: but the same result should take place 
on mechanical principles, if the mode by which the poison 
makes its way be mechanical transudation through the coats 
of the blood-vessels. 

In therapeutics the principle is well established, that medi- 
cines act with increased and more rapid effect after vene- 
section. 

If a solution of prussiate of potass is injected into the 
pleura, and a solution of sulphate of iron is introduced inte 
the abdomen of} living animal, in general five or six minutes . 
are required fgf their communication through the diaphragm, 
But this confaunication M. Fodera found to be ingtantaneaus 
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when a current of the galvanic fluid was directed through the 
diaphragm,—a phenomenon remarkable from its agreement 
with the effects of the like influence upon the transmission of 
liquids through inert capillary tubes. 

Such is the mass of evidence by which it appears to be well 
established, that a kind of transudation takes place in living 
as well as in dead textures, and is the principle through which 
foreign matter in contact with a vascular surface finds its way 
into the circulation. The investigation of the laws of this 
transudation, which belongs to the same class of phenomena 
with the endosmose and erosmose of Dutrochet, is one of the 
most important to the progress of physiology that the present 
period of the science is likely to see successfully accomplished. 
It is probable that the nature of secretion as well as of absorp- 
tion will equally be elucidated by it. 
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CHAPTER V. 


OF DIGESTION. 


Tu# matter lost by cutaneous and pulmonary transpiration, by 
the urine, and by other secretions, which are wholly or in part 
eliminated from the body, is a perpetual drain upon the blood. 
To supply this waste, a fluid is elaborated from the food, which 
in essential qualities nearly resembles the blood, which is 
absorbed and poured into the veins by a distinct set of vessels, 
and, mixing with the blood, in a short time ceases to be sepa- 
rately distinguishable in it. The process by which the 
nutritious element 1s extracted from the food is termed Diges- 
tion. 

In the lowest animals digestion is a very simple process. 
The hydra viridis, which consists of a bell-shaped sac, seizes the 
insects on which it preys with its tentacula, and thrusts them 
into its cavity; the business of digestion immediately com- 
mences: great part of the insect that has been swallowed dis- 
appears, having been first dissolved and then absorbed: the 
refuse matter is afterwards expelled through the same orifice 
at which it was received. 

In the ascending scale of organization from the lowest ani- 
mals to the highest, the digestive organs gradually become 
more and more complex: the alimentary canal becomes laid 
out in a series of chambers, in which the food undergoes 
successive changes antecedently to its separation into nutritive 
and excrementitious matter; and the gradual assimilation of 
the food is wyought, not by the influence of these several 
chambers an their products alone, but in great part through 
the chemic agency of copious secretions, that ase formed in 
clandular warts in the neighbourhood, and are afterwards con- 
veyed into the different chambers of the digestive. apparatus. 

The regular employment, ot these important orgatis, so essen- 
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tial to the continuance of individual existence, has not been 
left by Providence to the risk of being neglected through 
caprice or accident: but strong desires have been implanted in 
us, by which we are instinctively and irresistibly led to their 
proper use. Our first inquiries may be directed to that part of 
the process of digestion, with which consciousness has to do ; 
or to the nature of those parts which are thrown into action in 
order to gratify a sense, {yet in which at the same time the 
assimilation of the food commences, 


SECTION I. 
Of Hunger and Thirst ; of the Mastication of Food, and of 
Deglutition. 


We are led to take food by the appetites of hunger and 
thirst. If hunger is not gratified, an uneasy sensation of 
gnawing or dragging occurs, which is referred to the epigas- 
trium; if thirst is not slaked, the mouth and throat become 
dry and parched. It is usual to attribute hunger to an affec- 
tion of the nerves of the stomach, and thirst to an impression 
upon the nerves of the fauces and pharynx. But it is far 
from certain that either of these suprositions is just. Nausea 
is habitually referred to the stomach, upon the same grounds 
with the sensation of hunger ; yet, according to the experiments 
of Magendie, after the removal of the stomach in an animal, 
nausea and retching may be produced by the injection of tartar 
emetic into the veins; and Dr. Gairdner remarked, that in the 
case of a man who had cut through the esophagus, several 
buckets-full of water were swallowed daily, and discharged 
through the wound, without quenching thirst. The thirst, in 
this instance, it was afterwards found, admitted of being allayed 
by the injection of spirits diluted with water ee stomach *, 
It is, therefore, not impossible that a person n&ght be hungry 
without a stomach, and thirsty without a throat. 

Hunger frequently remains for half an hour or as hour after 
a hearty meal. Sleep allays it; violent emotions of the mind 
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prevent it. Hunger recurs at stated periods through the 
influence of habit. If the gratification of the appetite is with- 
held, it temporarily ceases, and a degree of nausea takes its 
place, with languor and exhaustion; then hunger returns with 
painful sensations at the stomach, and as a violent craving, 
which gets the better of every feeling of aversion and abhor- 
rence, and the vilest food is swallowed with avidity. 

We may now proceed to examine the parts into which the 
food is first received. 

The fauces form an organ in which the solid food is divided 

into fragments, and rubbed down with a fluid to the consist- 
* ence of a pulp, that it may leave its entire flavour. upon the 
neighbouring sentient surfaces, and be readily conveyed in 
equal portions along the gullet in the act of deglutition. 

The vaulted roof of the fauces is formed by the hard palate, 
around which are set the teeth in their sockets: this part may 
be considered as fixed during mastication. The lower jaw 
represents the alveolar processes of the upper maxillary bones, 
with which it contains an equal number of teeth, and against 
which it is capable of being pressed in various directions, so 
that the edges and grinding surfaces of the different teeth may 
act upon the food. The tongue, contained within the hollow 
of the lower jaw, forms the floor of the fauces, and when the 
mouth is shut, presents a convex upper surface in contact with 
the vaulted part of the palate. Three glands on either side, 
the parotid, the submaxillary, and the sublingual, pour saliva 
into the mouth, the inner surface of which is lined with a 
mucous membrane that is continuous at the lips with the skin ; 
and many smaller glandular bodies within the lips and the 
muscles of the cheek, termed glandule labiales and masse 
contribute perhaps to the same office. 

The teeth are thirty- two small bones, of which the crown 
or basa, or body, is covered with enamel, and appears above 
the gum: the neck of a tooth is that part to which the gum 
adheres; the rgot or fang of each tooth is firmly wedged into 
the svbmtaneg the jaw. A tooth is fixed by its fang and 
neck ; the cyown is employed in dividing the food, and in 
the articulation of some of the letters. ri 

By means of a longitudinal section the cavity oft a tooth may 
be shown; which is naturally open at the extremity ¢ of the fang, 
and aces through the geek into the crown @f:: 
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representing very faithfully its outward form. The cavity is 
seen to be wrought in the duller-coloured substance, or bone, 
of the tooth ; and the glistening enamel appears disposed in a 
thin layer, thickest upon the cutting edge or grinding surface 
of the crown, and vanishing upon the neck of the tooth. 

If a tooth is steeped in diluted muriatic acid, it retains its 
form, but becomes flexible; the acid dissolves the earthy 
matter, and leaves the animal substance with which it was 
combined. 

The following is the composition of the bone of teeth :— 





Animal matter ..... .-ccess bpeaeiee aaee uence awe kk akaausnneanees or 0 
Soda with muriate of s0da.......cccccccccceccecccccccecccsscceceees 1.4 
Carbonate of Lime ......cccccccccvecccvcvcsecceescescoccecene eosvens ~ od 
Phosphate Of ait oi wicvicvccassncasassavesesawtvasvcee ose edeee. ses 61.95 
Plante OF Vit@incccecesiwciwciasisecsewiiewsiseeeestates © wastnceeone ie | 
Phosphate of magnesia ............cccsecececeescceesressersessoeces 125 
190.00 
The following is the composition of enanicl :— 
Animal matter ........ wpuatess Meaewes wey tidasteagcacgacess terieeee 20 
Carbonate of lime .........e008- Bis seed ne asuee onde deeiawuattets 8.0) 
PhosoOhate Ol NMC secscrarsactonssits coemadcestavesnswuaseeacweaeess 85 J 
Pa tO OE MIG ioe des hicck dance “aisecdasececane deeletis Ge escetenovesenes 3.2 
Phosphate Of Magnesia ......cccceccssecsccccecccsscevsscwesescesees 15 
100.0 


If a section is made through a tooth and the alveolar pro- 
cess which contains it after a successful injection with size and 
vermilion, neither the enamel nor bony part of the tooth appear 
in any degree reddened ; but a very vascular membrane 1s seen 
to enter at the aperture of the fang and to line the whole of the 
cavity of the tooth. Branches from the ganglionic portion of 
the fifth pair of nerves may be traced to the cavity of the fang, 
upon which the sensibility of a tooth depends. 7 

In this manner the teeth cohere with neighbouring vascular 
parts. Their mode of life and growth will be afterwards de- 
scribed. At present we have only to consider tyeir mechanical’ 
agency in comminuting the food. \ 

The four front teeth in each jaw are termed incisors. The 
crown of each incisor has a cutting. edge ending transversely, 
and is wedge-shaped: the fang. 8 aingle. The two central 

ito throw 


Different kinds of Teeth. 89 


the remaining tceth of the upper jaw rather without or behind — 
those of the lower, till the smallness of the last grinder in the 
upper jaw causes them to terminate at the same vertical plane. 

A cuspidatus, canine, or eye-tooth follows on each side next 
to the incisors: a canine tooth is pointed, and larger than an 
incisor: its fang is single but of great length, and frequently 
bent at the extremity. 

The opposite sets of cuspidati and incisores form two curved 
blades, which meet like those of scissors bent upon the flat ; 
the incigores and cuspidati of the upper jaw generally fall before 
those gf the lower. 

The two teeth, which immediately follow each cuspidatus, 
have two points upon the crown, one without the other, and 
the largest external; they are called bicuspides: they have 
one broad fang fluted at its sides. 

The three remaining teeth on each side of each jaw are called 
molares or grinding teeth; their crowns have five points. The 
molares of the lower jaw have two fangs, one behind the other: 
the molares of the upper have three, two of which are external: 
they rise in a slanting direction. This disposition of the fangs 
of the upper molares is intended to avoid the maxillary antrum; 
but it occasionally happens that one fang, and that more gene- 
rally one of those of the second molaris, extends into the antrum. 
In the museum of Albinus there is an instance of the crown of 
a molar tooth growing into the cavity of the antrum, the direc- 
tion of the fangs being reversed. The first molaris is the largest ; 
the posterior, or dens sapientiw, is small: its fangs grow 
together, and are short. The grinding surfaces of the two sets 
of molar teeth are exactly opposed to each other. 

The strictest relation exists between the form of the tecth 
and the habits of animals. Thus in the horse, which crops the 
herbage by bruising and snapping it across, the incisors have 
broad, flat. surfaces which meet like the blades of pincers: in 
the incisor teeth of the beaver, which gnaws through the 
hardest vegetable fibre, a sharp chisel-like edge is preserved by 
the disproportnate distribution of enamel upon the fore part: 
in the lion he incisors are pointed: in the elephant, front 
teeth grow from the upper jaw only, and are prolonged into 
tusks, by the aid of which, with its trunk, the animal tears up 
the plants that serve for its food. The cuspidati are remark- 
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ably large in carnivorous quadrupeds to enable them to hold 
and rend their prey ; and the character of the head in this class 
is determined by the prominence of the zygoma to give room 
for the thick temporal muscle by which the jaws are closed, and 
by the shortness of the jaws themselves, which saves expendi- 
ture of power in closing them. 

The molares are best developed in graminivorous animals ; 
on this occasion a third substance termed the crusta petrosa, 
having less hardness than the bone, as the bone has less than 
the enamel, is wrought into their composition ; and as each of 
these three substances is exposed upon the grinding sarface, 
the latter derives a permanent inequality from their different 
degrees of hardness favourable to the comminution of the 
food. The form of the heads of graminivorous quadrupeds is 
characterized by the length of the jaws in which the massive 
vrinding teeth are set; by the long and flat zygoma, and by 
the depth and breadth of the branches of the lower jaw, to 
which muscles are attached, that move it forward and laterally. 

The lower jaw consists of the curved piece of bone in which 
the sixteen lower teeth are set, and of a process or branch on 
either side which rises nearly at a right angle to be articulated 
bY means of its condyle with the glenoid fossa of the temporal 
bone. Each branch is of such a length, that when the lower 
jaw is fully raised, the two rows of teeth are equally pressed 
against each other, the front teeth locking, the molar teeth 
simply meeting. 

The elementary motions of the lower jaw consist in its simple 
elevation or depression, 1n its horizontal movement forwards or 
backwards and from side to side. 

J. During the depression or elevation of the lower jaw, the 
centre of motion falls about the middle of its branches. Or the 
lower jaw in rising or falling performs part of a vertical revolu- 
tion upon an imaginary axis extending from side to side through 
the middle of its branches. In the depression of the jaw the 
angle is carried upwards and backwards, the condyle forwards 
and downwards sliding upon the interarticular cag which 
as interposed between it and the os temporis. e temporal 
muscles directly raise the lower jaw: the digastricus and other 

“muscles which depress it, at the same.time retract it, and thus 
adinit of being brought into play.eveu: suring. the elevation of 
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the jaw, in order to modify the action of the masseter and 
internal pterygoid muscles which tend to carry the jaw forwards 
as well as upwards. 

2. The lower jaw may be carried forwards in a plane parallel 
to that of the alveoli of the upper jaw, by the action of the 
external pterygoid muscles,—aided by the masseters and 
internal pterygoid muscles, if the tendency of the latter to raise 
the jaw be prevented by the digastrici and various other muscles 
attached to the o3 hyoides. The muscles last alluded to are 
calculated simply to retract the jaw, when their tendency to 
_ depgesy it is neutralized by the temporal, masseter, and internal 
pterygoid muscles. 

3. The lower jaw may rotate horizontally round an imaginary 
centre, which falls in the middle of a right line joining the 
two condyles: the masseter of the same side and the ptery- 
goidei of the opposite concur in giving the jaw this movement, 
assisted by the digastrici and various other muscles attached 
to the os hyoides, the action of which preserves the movement 
horizontal. 

By differently combining these simple motions, all the variety 
of pressure which the teeth make upon the food is produced. 

The os hyoides is composed of three slight pieces of bone, 
a base and two cornua, forming a small horse-shoe figure, 
within and behind the more capacious curve of the lower jaw: 
upon this bone the mass of flesh which forms the tongue is 
supported. The central and largest muscle of the tongue is 
termed the genio-hyo-glossus: it extends from the symphysis 
of the jaw to the os hyoides in one direction, and to the tip of 
the tongue in the other. Other muscles descend obliquely, 
from the lower jaw to the os hyoides, which with the preceding 
raise the os hyoides, and carry the tongue forward or laterally. 
The linguales shorten the tongue, the stylo-glossi give it breadth 
and cencavity, the hyo-glossi render it convex :—so ample is 
the provision for moving this organ to different parts of the 
fauces, whethey to bruise the softer parts of the aliment against 
the palate, to dais it with the saliva, to place it under the 
pressure of the teeth, to assist in bringing out the taste ‘and. 
other sensible qualities of bodies in contact with the finely 
organized papille on its mucous surface, to urge the, ‘rarati- 
cated food towards the pharynx, or to give articulation'to vocal 
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The saliva is a transparent fluid like water, but much more 
viscid: it has neither smell nor taste: its specific gravity ac- 
cording to Dr. Thompson is 1.0038, Its constituents according 
to Berzelius are as follows :— 


WY ALOR ee avccicctevus: sccdcerasenauessorstedcortiaeeesseaescs 992.9 
Peculiar animal matter ........cccsccccsscsvecssseccs Selie. “aeoo 
Mucus ......-.0008 ee bisele cies cueiwaa pagum eran eu yoaueKenaaceeanes 1.4 
Alkaline muriates ....cccccssscsssssccecens etesececevecs ee er 
Lactate of soda and animal matter .........cceecssees O09 
Pure SOda ...csecccseccceces saatieg baGrmeruooneearetacuneces 0.2 
1000.0* . 


The glands that secrete saliva are three in number on each 
side: they are of an ochrey colour, and are composed of 
numerous molecules of different sizes, connected together by a 
very firm cellular texture. 

The parotid gland is the largest of the three: it occupies 
the hollow between the mastoid process of the temporal bone 
and the branch of the lower jaw ; its duct, which is commonly 
termed the Stenonian duct, passes over the masseter muscle to 
reach and perforate the buccinator, and open upon the mem- 
brane of the fauces opposite to the middle molaris of the upper 
jaw. A small gland termed the socia parotidis adheres to the 
Stenonian duct in its passage over the masseter. The portio 
dura traverses the substance of the parotid gland, which derives 
nerves from this source, from the saperficial temporal branch 
of the third division of the fifth, and from the second cervical 
nerve. , 

The submaxillary gland is of an oval form: it is placed 
above the digastricus and between the lower jaw and the mylo- 
hyoideus muscle: its duct, termed the duct of Wharton, opens 
upon the mucous surface of the fauces at the side of the 
frenum lingue. The nerves of this gland are derived from 
the gustatory and the maxillary ganglion. 

The sublingual gland is frequently continyous with the 
posterior portion of the submaxillary gland, falobiongs and is 
placed between the mylohyoideus and the membrane of the 
mouth: its principal ducts or duct open into the duct of 
Wharton ; several smaller ducts open from it into the furrow 
by the side of the tonguc; its nerves are derived from 
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In the case described by Dr. Gairdner, to which I have 
already referred, from six to eight ounces of saliva were 
poured into the fauces during a meal, which consisted of broth 
injected through the divided cesophagus into the stomach: 
the quantity of saliva is probably greater which is produced 
under the stimulus of ordinary mastication. With this fluid 
the food is mixed while undergoing comminution in the fauces. 
The food acquires at the same time the temperature of the 
blood. 

It does not appear that any notable effect is produced upon 
the aliment through the conjoined influence of the saliva and 
an éfevated temperature. M. Krimer held in his mouth a piece 
of ham of a drachm weight for three hours. At the expiration 
of this time the morsel had become white upon its surface, and 
had gained twelve grains in weight *. Perhaps the qualities of 
the saliva are simply calculated to produce a ready mixture of 
the various kinds of food triturated with it. 

The nature of sensations of taste will be afterwards described. 
The gratification of the sense of taste seems but to whet the 
appetite of hunger; to allay which deglutition instinctively 
follows. The morsel is thrown by the tongue to the back part 
of the fauces, and we swallow it as soon as its sapid juices 
have been diffused through the mouth, and its altered consist- 
ence shows it to have attained a state fit for deglutition :—a 
capacious sac termed the pharynx receives it. 

The pharynx communicates at the fore part with the cavities 
of the nostrils, with the fauces, with the larynx : it is lined by 
a prolongation of the mucous surface common to these three 
parts: it is suspended to the basilar process of the occipital 
bone, and attached laterally to the pterygoid processes of the 
sphenoid and to the cornua of the os hyoides; thence it 
becomes narrower to the first ring of the trachea, where the 
alimentary canal assumes a cylindrical form, and receives the 
name of cesophagus. 

The muscles which raise the os hyoides raise the pharynx 
with it: at thd commencement of deglutition all the parts of 
the throat visibly ascend: the pharynx is drawn upwards .to 
receive the morsel thrust towards it by the pressure of the 
tongue: and one muscle, the stylo-pharyngeus, which con- 


* Versuch ejuer Physiologie des Blutes. Leipsic, 1820. 
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curs in producing this movement, seems specially intended in 
addition to expand the pharynx. 

Three muscles throw their fibres round the pharynx, which 
are termed its upper, middle, and lower constrictors: their 
action is such as to compress any substance that has found 
entrance into the pharynx, and thus to expel it. But the 
pharynx is open towards several passages, and the contrivances 
are remarkable, and well deserve attention, which limit the 
progress of the food to one direction only, and force it to 
descend towards the cesophagus, instead of making its escape 
by the nostrils, the fauces, or the larynx. 

What is termed the soft palate is a flap of flexible ‘ckstic 
substance about one-fourth of an inch in thickness and an inch 
in depth, which hangs as a loose curtain from the posterior 
edge of the palatine plate of the palate bones. The centre of 
its unattached margin is prolonged to form the uvula. Late- 
rally two crescentic folds of mucous membrane are reflected 
from the soft palate to the sides of the tongue and pharynx: 
between these arches the tonsil, a mucous gland, is placed on 
either side. Each crescentic fold contains muscular fibres ; the 


anterior contains the constrictor isthmi faucium ; the posterior. 


the palato-pharyngeus: these muscles depress the soft palate, 
and narrow the aperture leading from the fauces into the 
pharynx. 

By these means the communication with the fauces is so 
straitened, that the pressure of the tongue readily precludes the 
return of the food into the mouth when the constrictor superior 
pharyngis contracts. 

But the principal office of the soft palate in deglutition 
consists in protecting the posterior openings of the nostrils: 
for this purpose it is necessary not merely that this flap of 
yielding flesh be carried before the food to the back of the 
pharynx; but that adequate tension be given to it to enable 
it sufficiently to resist the pressure of the constrictor superior 
pharyngis and of the tongue upon the morsel swallowed. 
Two muscles are provided in addition to those alijpady described. 
to give the tension required to the soft palate, namely, the 
levator palati mollis and the circumflexus palati: both descend 
obliquely forwards, the cartilaginous part of the Eustachian 


tube being interposed between them, ‘ffom'the extremity of the 


a ie 


petrous portion of the os temposig i® 






5, 


ft<while the formes, is 


rea 


The Aperture of the Larynx how protected. 95 


directly expanded into the substance of the soft palate, the 
latter is previously reflected round the hamular process of the 
sphenoid bone, and re-ascends to its insertion: the two muscles 
thus become opposed in their action, and drawing in different 
ways upon the soft palate contribute to extend it over the 
pharynx behind the opening into the nostrils. Something of 
the effect of these parts in deglutition may be seen on pressing 
down the tongue with the handle of a spoon, and conveying 
the instrument towards the root of the tongue and the tonsils, 
when the peculiar sensibility of the back part of the fauces is 
excited, and an instinctive and irresistible action of deglutition 
ensteef, 

It sometimes happens that infants are born with a natural 
fissure of the soft palate in the median plane. When this is 
the case deglutition is commonly performed imperfectly, part 
of the aliment swallowed finding its way into the nostrils. 
However, many persons thus originally malformed gradually 
acquire a power of swallowing food without any part going 
wrong; but for this purpese it is requisite that they swallow 
each morsel leisurely. It is curious to observe the mechanism 
in action by which the imperfect palate is rendered capable of 
performing its functions justly: the means by which this is 
done may be seen on desiring the patient to perform the act of 
deglutition with the fauces empty, and the lips sufficiently 
apart to disclose the soft palate. Atthe moment of swallowing, 
the two parts of the velum pendulum palati are seen to be 
drawn downwards and inwards by the action of the circumflex 
muscles, so as nearly to meet. This circumstance is favourable 
to the success of the operation of staphyloraphe, as it tends to 
diminish ‘the strain upon the sutures during deglutition. 

The mode in which the respiratory tube is protected during 
deglutition can only be well understood in connection with the 
anatomy of the larynx. The epiglottis, a thin portion of elastic 
cartildge, rises vertically at the root of the tongue, and is broad 
enough when carried backwards to cover the aperture of the 
glottis: and tlre is no doubt that in ordinary deglutition this 
cartilage is pressed down by the food towards the orifice of the 
larynx. But the epiglottis was removed from animals in expe- 
riments by M. Magendie, and it has been lost by disease in 
human beings, without any essential prejudice to deglutition. 

of the faffax depends upon the contraction of the 
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muscles which close its aperture, ngmely, the arytenoideus 
transversus and the arytevoidei obliqui. While these preserve 
their power of motion, the loss of the epiglottis is not felt: but if 
they be paralyzed, as through the division of the nervi laryngei 
interni, a part of the food finds its way into the larynx and 
violent coughing is produced each time that deglutition is 
attempted, even though the epiglottis have been left entire. I 
had a patient under my care in the Middlesex Hospital, who 
in the attempt to destroy himself, had made a deep horizontal 
wound into the throat between the os hyoides and thyreoid 
cartilage. The incision was close upon the latter, so that the 
epiclottis was shorn off, and you might look into the phafynx, 
directly upon the front of the arytenoid cartilages. Each time 
that this patient swallowed liquid, a small quantity escaped 
by the wound, but none appeared to enter the larynx; nor was 
coughing produced, nor any other symptom of laryngeal irnita- 
tion. [see the subsequent account of the larynx. ] 

Deglutition consists of three stages ; of the passage of tlie 
food, from the mouth into the pharyhx, from the pharynx into 
the cesophagus, from the esophagus into the stomach. 

The action of pharyngeal deglutition may at any time be 
performed through a deliberate exertion of the will: at times it 
seems to take place, if not independently of volition, at all 
events uncontrollably. If the action of deglutition be volun- 
tarily performed several times in succession, and nothing but 
Saliva swallowed, the parts become fatigued, and the operation 
cannot be immediately repeated. The action of the lower part 
of the pharynx and of the fibres of the cesophagus is not 
consciously voluntary. 


SECTION II. 


Of the Nature of the Alimentary Canal from the Q®sophagus 
downwards, aud of the Fleshy Viscera connedted with it. 


That part of digestion, which the will directly controls, is 
limited to the fauces and pharynx : below the latter mugcular 
action ceases to be voluntary, and copoly sensation is speedily 


lost. The elaboration of the fogd. now.” “proceeds rapidly ; it 
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loses its original qualities, and assumes different characters, as 
it is successively submitted without our consciousness to the 
action of several viscera. It will help to simplify our present 
inquiries, if I prefix a general account of the nature of these 
viscera to the description of the different steps of the assimilative 
process which are conducted in them. 

The alimentary canal below the pharynx constitutes a mem- 
branous tube of from five to six times the length of the budy, 
the several parts of which are, the cesophagus, the stomach, the 
small and the great intestines. 

When we consider this lengthened tube (for the purpose of 
yet further simplification) as a single organ, disregarding the 
differences of shape and structure which characterize its several 
parts, we remark that notwithstanding its thin and membranous 
structure, it throughout admits of being separated into three 
distinct layers or tunics. 

The innermost, or mucous coat, so called from the nature of 
the secretion which exsudes upon it, is so delicate as not to 
allow of being separated from the next as a continuous mem- 
brane, till the part has been hardened by maceration in alcohol. 
The unadherent surface of the mucous coat is not plain, but 
resembles that of plush, being covered with a delicate pile, 
which where the individual shreds are larger and more distinct 
is called a villous structure; the sbreds are called villi. 

The second layer is called the submucous or nervous coat: 
its thickness is about one-fifteenth of an inch, and it serves to 
give the requisite strength to the mucous coat, to which it 
closely adheres. The intestinal glands are seated in the sub- 
mucous coat: they consist of flat pouches of folded mucous 
membrane, from two lines in diameter to microscopic minute- 
ness, and are disposed singly and in clusters: each gland opens 
by a single orifice upon the mucous surface. 

The fhird tunic consists of muscular fibres, of which there 
are two layers; an inner, disposed in transverse or circular 
fasciculi ; an outer, the direction of which is longitudinal. The 
inner or circular fibres form with one exception a coat of 
tolerably equal thickness throughout the whole of the alimentary 
canal. _ The longitudinal fibres’on the other hand are only well 
developed towards eagh extremity. The cesophagus and the 
rectum have a thick, unintéfgupted covering of longitudinal 
fibres, which in the. Kercact™ ‘Mstance are spread out and lost 
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upon the stomach, while in the latter they extend the entire 
length of the colon in the form of three narrow bands: upon the 
intermediate three-fifths of the whole tube, longitudinal fibres 
are not constantly found, and when found are but partially 
distributed along the unattached surface of the bowel, and 
are so slender in their texture as scarcely to admit of being 
detached from the peritoneum which covers them. 

Between the second and third tunic the cellular membrane is 
so lax and copious, that it deserves to be described as a separate 
intestinal coat,—the cellular tunic. 

The reason of the unequal disposition of longitudinal f fibres 
upon the alimentary canal I suppose to be this. It is towards * 
the extremities alone of the eanal that its contents are of 
solid consistenee; in the central part they are fluid. Now 
the mode in which the contents of the bowel are propelled is 
the following : the cireular fibres of the part which is to be 
emptied contract, the fasciculi immediately behind remaining 
mm action to prevent the retrograde passage of the food, those 
before being relaxed to offer no resistance to its progress. The 
action of the circular fibres of the buwel is commonly called 
their peristaltic action; or it is said to be vermicular, from 
the progressive displacement of the bowel which attends it, 
resembling the motion of an earth-worm. We may reasonably 
suppose, that when the peristaltic action is employed in pro- 
pelling a fluid, which would readily insinuate itself into the 
next and relaxed portion of the canal, no great strain would be 
made upon the texture of the part, or more than its elasticity 
alone would counteract. The case is altered when we consider 
this action applied to solid substances, such as are the imper- 
fectly masticated food, which is frequently bolted down the 
cesophagus, or the solid feeces, which are contained in the great 
intestine : and we recognize at once, in the superadded series 
of longitudinal fibres in these parts, a provision necessary to 
prevent their elongation or their rupture. 

In the abdomen, the alimentary canal receives a fourth coat 
from the great serous membrane of that ee With partial 
exceptions, the peritoneum is so attached as to allow the 
viseera, which it covers, considerable latitude of motion. 
This provision is of service in facilitating the commodious 
packing of the viscera in different: positions of the body, and 
during their alternate states of ainbtir ese and repletion; but its 
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principal object has reference to the peristaltic action of the 
bowels, which would seem to be imperfectly performed when 
the portions of the alimentary tube cease to be disconnected 
with and to have the means of freely moving over each other. 
Trifling causes are known to produce the severest symptoms of 
obstruction of the bowels, when the folds of the intestines have 
become glued together by the effusion of lymph. 

The muscular fibres of the alimentary canal seem to receive 
no direct excitement from the will; accordingly, when the 
merves distributed to them are mechanically irritated, no sen- 

_sible effect follows*: and if a portion of bowel in an animal 
recently killed is stimulated, the action which follows is not 
sudden and immediate and confined to the point that was 
irritated; but it commences after an interval, and gradually 
extends to some distance along the neighbouring fasciculi. It 
is probable that the natural stimulus to the action of the bowel 
is the contact of its contents; and that these, according to 
their nature, may have a more or less stimulating quality ; and 
that the bowel at different periods, and under different circum- 
stances, may be more or less irritable. 

The sensibility of the alimentary canal in the healthy state 
appears to be very moderate: common sensation is probably 
limited to the cesephagus, which is supplied by the eighth 
nerves; and to the extremity of the rectum, which receives 
nerves from the sacral plexus; the intermediate parts, which 
are principally supplied with nerves from the sympathetic, 
appear to have no feeling when handled or even wounded ; im- 
moderate distension alone seems capable of exciting pain ia. 
these parts in the healthy state. 

To take a different, but not less useful, view of the entire 
alimentary canal, let us next consider it as naturally divided 
into three parts: 1. The fauces, pharynx, and cesophagus ; 
2. Thg stomach and small intestines; 3. The great intestines. 

In the first portion, we are conscious of sensation and 
voluntary actiop ; in the second, these affections are wanting ; 
in the third, they re-appear. 

In the first portion the food is prepared for its subsequent 
elaboration by being rubbed down with saliva to the consist- 


* The esophagus offers an ¢xception to this rale: refer back to 
chapter fii. 
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ence of a pulp ; in the second, the nutritious element is sepa- 
rated from it; in the third, the refuse matter undergoes some 
further changes. 

The first portion is throughout lined with a fine but distinct 
cuticle: in the second, the mucous membrane is extraor- 
dinarily vascular, and the large and distinct villi which every- 
where characterize it, have obtained for the lining membrane of 
that portion the name of villous coat: the third is remarkable 
for its plain internal mucous surface, and for the sacculations 
into which it is thrown through the shortness of the longitudinal 
fibres. 

The series of circular fibres which belong to each of these ° 
three leading divisions of the alimentary tube, terminates with 
it. The circular fibres of the cesophagus are lost upon the 
cardiac extremity of the stomach: the circular fibres of the 
stomach and small intestines commence at the fundus of the 
stomach, and terminate at the valve of the colon: the circular 
fibres of the great intestine begin at the root of the appendix 
of the cecum, and are interrupted only by terminating at the 
anus. 

Finally, each of these portions is characterized by being 
disproportionately capacious at its commencement: the fauces 
and pharynx, the stomach, the head of the colon, have a 
larger internal area than the parts of the tube which imme- 
diately follow: near the commencement again of each portion, 
secretions are most liberally furnished, and the glandular 
apparatus is more complex: near the fauces are the salivary 
glands; with the stomach and the first four inches of the small 
intestines are connected the spleen, the liver, and the pancreas ; 
and the cecum has a larger share of submucous glands than 
the colon. 

When we turn our attention to the subdivisions of the 
alimentary tube, we may remark of its whole length, from the 
fauces downwards, that the two inner coats are apparently 
more capacious, or have less power of retraction, than the mus- 
cular coat whieh contains them, so that they lie in folds, which 
have a different character in different parts ; these are, lessened 
in proportion as the canal is distended, but never to the extent 
of becoming obliterated, except perhaps 1 in the cesophagus and 
the stomach. The plice of the inaer tunics of the cesophagus 


are longitudinal ; the ruge in thgzetomach are disposed with 
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great irregularity, so as to intercept innumerable areole of 
diversified shapes and sizes ; ; the folds in the small intestine, 
each a quarter of an inch in depth, are uniformly disposed 
transversely ; they are termed valvula conniventes: they never 
extend quite round the circumference of the bowel: their 
direction is towards the great intestine: they are so numerous, 
that each partly covers that below, like tiles upon a roof. 
The folds of the great intestine appear like sharp circular con- 
strictions. 

The stomach is a conical sac, the large end or fundus of 
"whe is contained in the left hypochondrium; near this 
extremity the cesophagus opens by what is termed the cardiac 
orifice; the stomach crosses the epigastrium, and its narrow 
end, or pyloric portion, lies in the right hypochondrium. The 
stomach is braced to the diaphragm by the esophagus, and to 
the liver by the lesser omentum and capsule of Glisson, which 
adhere to its upper and concave edge or lesser curvature: when 
the stomach becomes distended, it rises by revolving upon its 
cardiac and pyloric attachments, and presents its unattached 
convex margin forwards in the epigastrium. 

The glands of the stomach are extremely numerous: they 
are single: they vary in diameter from .02 to .08 of an inch. 
The largest are towards the fundus, the smaller towards the 
pylorus. There are none immediately round the cardia, but I 
have counted forty at the lower part of the esophagus, dis- 
posed in an irregular circle extending a third of an inch above 
the orifice of the stomach. 

The secretion of the stomach is termed the pantie juice ; 
it has been procured from the human stomach by that sponta- 
neous effort, through which some persons are able without 
feeling nausea to throw up the contents of the stomach, as well 
as by exciting nausea and vomiting mechanically in a person 
who Irad previously fasted. M. Thenard analyzed small quan- 
tities of gastric secretion obtained by the first of these methods : 
it was found to consist of a large proportion of water, some 
mucus, and salts of soda and lime; on one occasion the liquid 
was of an acid nature, on another it was not. ‘“ Of this’ im- 
portant secretion,’ ’ observes Dr. Prout, “‘ chlorine in some state or 
other is an ingredient ; ; it weld seem a necessary ingredient ; 
for the secretion in its heal iy state always cortgitts more or 
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eiple seems mainly to contribute towards effecting the union of 
the food with water. The chlorine so indispensable to the 
reducing proceas is perhaps more frequently the subject of 
derangement than any thing concerned with the assimilation of 
the food. It often happens that instead of chlorine, or a little 
free muriatic acid, a large quantity of free muriate is elicited. 
The source of this chlorine or muriatie acid seems to be the 
¢ommon salt in the blood.” 

Spallanzani describes liquid, which he procured from his 
own stomach, as frothy and somewhat glutinous, salt to the 
taste, and not bitter. In investigating its properties, sexe of. 
this liquid was put into a glass tube with boiled beef that had 
been masticated: the tube was then hermetically sealed, and 
exposed near the fire to a considerable heat, though not perhaps 
exactly equal to the temperature of the stomach. By the side 
of this tube was placed another, containing the same quantity 
of flesh immersed in water: the subsequent appearances in 
both were the following: in twelve hours, the flesh in the 
former began to lose its fibrous structure, and in thirty-five 
hours had lost its consistence; to the naked eye it appeared to 
be reduced to a pultaceous mass, and to have lost its fibrous 
texture ; but a microscope rendered fibres visible. After this 
semifluid mass had continued two days longer in the gastric 
fluid, the solution did not seem to have made any further pro- 
gress, and the reduced fibres were still just as apparent. 
The flesh did not emit the least bad smell, while that immersed 
in water was putrid in sixteen hours. 

Dr. Fordyce attributes to the gastric secretion, when removed 
from the body, the same solvent effect which Spallanzani 
was persuaded it possessed. But others, among whom are 
M. Montegre and Mr. Thackrah, have asserted the contrary, 
and the question cannot be considered as finally decided. 

A property universally attributed to the gastric juice is that 
of coagulating albuminous fluids. What is termed rennet 
consists of an infusion of the digestive stomach of a calf; by 
adding this to milk, the albuminous part is converted into 
curd. Dr. Fordyce mentions, that six or seven grains of the 
inner coat of the stomach infused in water gave a liquor, which 
coagulated more than a hundred punces of milk. 

There are three methods by"gtiich on different occasions 
the contents of the stomach are \gjiiglled. The firet is that. 
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which occurs in the ordinary progress of digestion, and con- 
sists in the peristaltic action of the circular fibres of the 
stomach. The second is the spontaneous rejection of food 
recently taken into the stomach, unattended with nausea and 
sickness; an effort is made, and the fauces become filled with 
the recently swallowed food: the effort consists in an exertion 
of the diaphragm and abdominal muscles, which compress the 
stomach, at the same time that the fibres of the cesophagus are 
relaxed, and allow of the retrograde passage of the food. The 
third instance is vomiting, with nausea and retching. 

Vomiting has frequently been supposed to result from an 
inverted peristaltic action. But as early as 1686 an experi- 
ment was made by M. Chirac, which sufficiently proved the 
true nature of this phenomenon. The experiment was the 
following: corrosive sublimate was given to a dog upon bread, 
which was almost immediately thrown up, but nausea and 
violent retching continued. Upon exposing the cavity of the 
abdomen, the stomach exhibited a peristaltic motion so feeble 
as to persuade the operator that the expulsion of its contents 
could not result from this cause. The wound in the abdomen 
was then closed : and while the animal continued its efforts to 
vomit, the finger was introduced and applied to the stomach, 
which was found to remain free from contraction, and only to 
be flattened and compressed by the abdominal muscles and 
diaphragm, at each effort to expel its contents. 

Subsequently, several physiologists were inclined to revert 
to the supposition that the fibres of the stomach are the 
principal agents in vomiting. Lieutaud and Haller were of this 
party. 

But the following experiments by M. Magendie evince the 
justness of the original theory of Chirac; they include the 
mention of aa additienal fact, which Dr. Haighton had ob- 
served, that the division of the par vagum does not prevent - 
vomiting, and present other curious matter for reflection. 

If two graing of tartarized antimony dissolved in an aunce 
and a half of water be thrown into the crural vein of a dog, 
nausea is produced almost instantaneously ; if the stomach ig. 
then drawn through a wound in the abdomen, the spesm 
of retching takes place in the diaphragm and abdominal musdles, 
but the stomach remains withgut movement, and NO. vomiting 
ensues. If the stomach ig,f¥en replaced in the cavity of the 
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abdomen, it may be felt by the finger introduced into the 
wound to remain relaxed, at the time that its eontents are being 
expelled through the renewed efforts of retching. 

If the nervi vagi are divided, and the emetic substance be 
mtroduced as above, nausea and vomiting follow. 

If the abdominal muscles are removed, leaving the linea alba 
entire, upon the injection of the emetic substance nausea and 
vomiting take place, the stomach being compressed between 
the diaphragm and linea alba. 

If the phrenic nerves are divided, and the emetic substance 
injected, nausea occurs, and vomiting, but more feebly than 
in the preceding experiment. The diaphragm receives a few » 
twigs from the eleventh and twelfth dorsal nerves, which enable 
it still to act partially in opposition to the abdominal muscles: 

Finally, if the stomach is removed, and a pig’s bladder 
substituted in its place communicating artificially with the 
cesophagus, the injection of tartarized antimony into a vein 
is followed by nausea, by retehing, and the expulsion of the 
contents of the artificial stomach into the fauces. 

Animals are observed instinctively to swallow a large quantity 
of air previously to vomiting, which acts like the draughts of 
liquid prescribed after an emetic by distending the stomach ; 
60 that it resists the spasm of the diaphragm and abdominal 
muscles, and prevents the necessity for their extreme and 
painful contraction *. 

The stomach is remarkable for its sympathies. A blow upon 
the head produces nausea and vomiting ; indigestion produces 
irritation in the lungs, palpitation of the heart, clouded intellect 
and depression of spirits; a violent blow on the stomach is 
instantly fatal. 

The valve of the pylorus consists of muscular fibres, that 
are fonr times the thickness of the muscular coat of the 
stomach, and form a strong circular band projecting into the 
alimentary ‘canal: through the frequent action of these fibres, 
the pylorae looks as if a piece of packthread, had been tied 
round it, When air is blown into the duodenum ina living 
animal, it readily finds its way into the stomach: but when 
blown from the cesophagus into the stomach, the latter submits 
te a great degree of distension before the pylorus allows the air 
te is into the duodenum. ui, 
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' The small intestines are a tube, the length of which is four 
times that of the body. A short piece when inflated appears 
cylindrical, but the bowel is really conical. The small intestine 
diminishes from the pylorus to the valvula coli, in capacity, in 
‘thickness, in vascularity, in the size of the villi, in the depth 
and number of the valvule conniventes. The first portion of 
the small intestine is termed the duodenum ; it 1s about twelve 
inches in length, and is closely tied down to the back by the 
peritoneum, which imperfectly covers it. The duodenum ex- 
tends first to the right side below the liver, then downwards in 

tof the right kidney, and then ascends obliquely across 
the spine towards the left side. The rest of the small intestine, 
the upper two-fifths of which are termed jejunum, the three 
lower ileum, is attached to the spine by a deep fold of doubled 
peritoneum, called the mesentery, which is calculated to allow 
considerable freedom of motion to the convolutions in which 
the bowel is disposed. The root of the mesentery extends from 
the left side of the second lumbar vertebra to near the right 
groin: the mesentery conveys the vessels and nerves to and 
from the intestine. 

The glands in the small intestine are very numerous ; its 
whole length may be seen by a magnifying glass to contain a 
prodigious number of the minutest follicles, not collected in 
groups, but equally scattered throughout. Besides these 
there are glands of a larger dimension, that present different 
characters at opposite parts. Near the beginning of the small 
intestine, especially in the duodenum, the glands of Brunner 
are situated, which are small flattened lenticular bodies, about 
a line in diameter, and opening by large onfices. The glands 
of Peyer are found in the ileum only. They form about thirty 
groups, for the most part oblong and rounded, rarely triangular, 
disposed with their long axes parallel to that of the intestine, 
and gjtuated either upon the unattached margin of the bowel, 
or at its sides. The length of these groups varies from a few 
lines to three gr four inches. The first are small; they erg 
larger towards the lower part of the ileum. 

The villi of the small intestines are larger than those of the 
stomach; there are about four thousand to the surface of a 
square inch: their length is sibout one-fourth of afline; ‘at the 
upper part of the small intestines they are broadeér,; and fre- 
quently shorter, than at.{ggaower part ; so that they often form 

representatives of the valvule conniventes. 
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The small intestine opens into the great intestine, as the 
esophagus opens into the stomach, leaving a sort of fundus 
termed. the cwcum upon the left side. At its opening is found 
the valvula coli, which consists of a production of the ileum in 
the form of two crescentic flaps, which join at their horns, and 
are disposed transversely in the great intestine. These flaps 
contain muscular fibres which are necessary to give effect to 
the valve. The ceecum varies in length from two inches to 
81x; from its extremity a narrow blind gut, called the appendix 
cxei vermiformis, is produced. 

The first five feet of the great intestine are termed the colon, 
the cwcum being the caput coli. The colon is distingulsied * : 
by its capacious size, its epiploical appendages, its longitudinal 
bands, its sacculations; and is divided into an ascending portion, 
a transverse portion or arch, a descending portion, and a 
sigmoidal flexure : the latter terminates in the last portion of the 
bowel, in length eight inches, which is called the rectum. 

The smooth inner membrane of the great intestine, when 
examined with a magnifying glass, appears everywhere indented 
or honeycombed with extremely small and shallow fossule. 
The number of mucous glands, either single, or in pairs, or in 
larger groups, is very considerable. 

The last circular fibres of the rectum constitute the internal 
sphincter of the anus. Without this is another set of fibres of 
a different character, which are called the external sphincter ; 
they are attached to the bulb of the urethra before, to the os 
coccygis behind, and are under the control of the will. The 
anus being a fixed point, when the peristaltic action of the 
rectum is violent, or the bowel not fixed in its place by a suffi- 
ciently firm adhesion to the surrounding parts, it is liable to be 
thrust in an everted state through the external orifice: when 
this happens, the longitudinal and circular fibres are everted 
as well aa the mucous and nervous coats. 

Mr. Abernethy met with the following curious malformation 
of the bowels in the body of a boy, which measured four feet 
three inches in length, was well formed, and had limbs mode- 
rately large, yet flaccid, as if wasted by recent disease. The 
duodenum, jejunum, and ileum, when detached from the body, 
“m@measured enly two feet in length: the great intestines, which 
were considerably distended, eg.as $0 be three inches in 


diameter, were four fect in 
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The fleshy viscera connected with the stomach and small 
intestines are the spleen, the pancreas, and the liver. 

1. The SrieeEn is a flattened oval viscus, coloured by the 
blood which it contains, and connected to the fundus of the 
stomach ; its average weight is eight ounces. The splenic 
artery is large and tortuous, and divides into branches pre- 
viously to entering the gland, from which five or six smell 
vessels termed vasa brevia are reflected to the stomach. The 
splenic nerves are derived from the coeliac plexus. It occa- 
sionally happens that one or more small glands exactly like the 
Prlegp5 appearance, are met with in the great omentum below 
the spleen. 

The texture of the spleen is remarkably brittle, and tears 
like a congeries of membranous cells filled with clotted bleod. 
It appears, however, upon the most careful examination, that 
cells do not exist in the spleen interposed between the arteries 
and veins and containing blood. The minute branches of the 
splenic artery in the substance of the gland divide abruptly 
into very delicate vessels which have been compared to the hairs 
of a pencil, and do not anastomose: the veins which encircle 
them anastomose very freely with each other. Anatomical 
injections pass readily from the arteries of the spleen into the 
veins. The spleen contains a great number of soft whitish 
bodies, of a sixth of a line and upwards in diameter: whether 
these are cells containing an opaque fluid, or are glandular 
molecules, is not determined. 

It is well known that the spleen may be removed witheut 
any serious effect being produced on the system. A dog, from 
which I removed the spleen, became upon recovering from the 
wound fatter than before: in a year’s time it had returned to 
its former condition, and no difference was observed in its 
appearance or habits from those of other dogs: it died about 
three gears afterwards of inflammation of the bowels. On 
examining its abdomen, the following appearances, which wére 
probably accidental, were remarked. The omentum was loeded 
with fat, so as to be an inch in thickness at ite attachment ‘te 
the stomach. The left kidney was a trifle larger than. the 
right, and there were, two @f thee large lymphatic: glands upon 
the aorta. a a 


‘The use of the spleen ist 





known : it-formes one ‘of etass of 


perts, that have a textug®’ superficially ‘resembliig’ ‘that of 
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glands, but want excretory ducts. The parts referred to gre 
the thyreoid gland, the thymus, and the renal capsules. 

2. The. Pancreas is an elongated gland, which crosses 
obliquely the first lumbar vertebra, covering the sorta, and 
disposed ‘behind the stomach: it generally has two ducts, the 
larger of which opens into the duodenum, at the same point 
with the ductus communis choledochus; the smaller either 
opens into the greater, or into the duodenum at the distance of 
an inch from the opening of the former. The pancreas weighs 
from four to six ounces ; it is of the same colour and structure 
as the parotid and submaxillary glands. The pancreatic fp 
was supposed to be of the same nature with the saliva; but 
recent observations have shewn that it contains albumen and a 
curdy substance. The pancreatic fluid is in a slight degree 
acid, and holds in solution matters of a saline nature closely 
resembling those found in all animal fluids. 

3. The Liver, placed at the upper part of the abdomen, forms 
a mass that is in weight not less than four pounds. Indepen- 
dently of its size, the liver is remarkable for the completeness of 
its excretory apparatus, and still more for the having distributed 
through it a vein that has the function of an artery. 

Or the structure of the liver is percolated not merely by blood 
from the hepatic artery, but by the venous blood returned from 
the stomach, from the spleen, from the pancreas, and from 
the great and small intestines. The coronary veins of the 
stomach, the splenic and pancreatic veins, and the upper and 
lower mesenteric veins, unite to form a trunk, called the vena 
porte, which enters the liver at its transverse fissure, accom- 
panied by the hepatic arteries, the deep-seated hepatic ab- 
sorbents, the hepatic nerves, and the hepatic ducts. 

In the present treatise anatomical descriptions of parts 
beyond the merest outline have been rarely introduced ; or then 
only, when they directly elucidate physiology, or happen to 
have novelty to give them interest. Both these excuses will 
serve as reasons for my explaining, on the present occasion, 
the admirable researches of Mr. Kiernan into the structure of 
the liver. | 

There are two jprineipal points at which, vessels enter or leave 
the liver; one is the transverse fissure already adverted to, the 
other is the middle of the posteriog. edge of the viscus; at the 

iad several smaller ones, 
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cajled hepatic veins, issue, and open into the inferior cava; at 
the former there enter or escape from the liver the vena porte, 
the hepatic artery, the hepatic nerves, the lymphatics, and the 
ducts: the elements of this quintuple system are distributed 
throughout the liver together, forming a trunk and branches, 
wrapped in a loose cellular membrane, which with its contents 
is termed Glisson’s capsule. 

It is thus to be understood that there are in the liver two 
centres of ramification; from the middle of the posterior edge 
(where they enter) the hepatic veins diverge, subdividing and 
ramifying in every direction. From the transverse fissure 

where they enter) the portal vein with the other elements con-. 
tained in Glisson’s capsule proceeds to ramify; but the branch- 
ing of the one is disconnected with the branching of the other, 
the two systems being disposed either at right angles or 
obliquely to, and decussating, each other. 

When a section is made of the liver, these two series of 
branchings are repeatedly cut through. It is easy to distin- 
guish the one from the other. The section of an hepatic vein 
is clean: nothing intervenes between the cut vein and the 
parenchyma of the liver; the coat of the vein is remarkably 
thin: the vessel has the simple office of conveying the blood 
that has pexmeated the liver, out of it. But a section of the 
vena porte presents a different character: in the first place the 
portal vein has thicker coats than the hepatic ; but principally 
and especially is it distinguished by not being cleanly in contact 
with the parenchyma of the liver; instead of which, it is accom- 
panied by branches of the hepatic artery, of the hepatic duct, 
by hepatic nerves and absorbents, connected to it and enveloped 
by the cellular tissue of Glisson’s capsule. 

Mr. Kiernan’s discoveries commenced with his observing a 
definite relation between the distribution of the vessels in,the 
liver and the two different structures (as they were then 
thought to be) in its parenchyma. It was believed that the 
liver contained two distinct elements; one of a yellow colour, 
the other of a reddish brown; the former bearing the same 
relation to the other, which the ‘dough of'a pudding does to the 
plums which it contains. , The liver was sapposed to consist of 
a general yellow substratayn: studded with’ oblong spots of 
brown. Such indeed is the'common appearance which the 
healthy liver presents, whether its external superficies, or the sur- 
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face of a section be examined. Mr. Kiernan commenced his 
observations by noticing that bath the brown patches and the 
interposed yellow matter are fissured in their centre. Then 
injecting the different vessels with quicksilver, he found, that 
when the hepatic vein was injected, a thin line of quicksilver 
appeared in the middle of each of the brown spots; but that, 
when either the portal vein or the hepatic artery or the duct 
were the tube injected, fine silver lines showed themselves bisect- 
ing the intervening yellow. Thus he determined the end of the 
hepatic venous system to be in the middle of the brewn spots, 
and the termination of the vessels contained in Glisson’s Sopenle 
to be in the intervening yellow. It seemed as if inthe mechanism 
of secretion two structures had thus to be penetrated: the 
portal blood had to make its way first through the yellow matter, 
then through the brown, before it reached the hepatic vein. 
This discovery Mr. Kiernan showed to me, when as yet he 
had advanced no further; and I recollect the facts seemed to me 
equally new, and important, and satisfactory. Mr. Kiernan, 
however, had no thoughts of stopping with establishing the 
relation so made out. He determined to penetrate, by applying 
anew principle, those vascular arrangements in the organ, 
which hitherto had eluded the art of the anatomist. The 
principle which he employed was the following. He caused 
animals to die with the liver in a state of anemia. This was 
effected by tying the portal vein and hepatic artery an hour 
before the animal was destroyed. The liver in these antmals 
was found pale and bloodless, and the distinction of different 
coloured structures was much less apparent. The next step 
was to inject, in the liver thus prepared, each system of vessels 
separately and together. The following interesting result was 
ebtained. When red injection was thrown into the hepatic 
vein alone, the appearance shown in figure 1 was obtained; 
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when red injection was thrown mto the vena porte the appear- 


. whee shown in figure 2 was obtained. Or it now suggested itself 


to the investigator, and all his subsequent researches have 
concurred in proving the correctness of the hypothesis, that 
there are not two structures in the parenchyma of the liver, 
but one only; and that the ordinary and extraordinary differ- 
ences of colour, wherewith the liver is mottled, result only from 
the accidental congestion of one or other of the two opposed 
vascular systems. The ordinary appearance of a healthy liver 
resembles that given in figure 1, because in general in death 


the gpane veins only are congested. But it is well known 
tha 


e opposite appearance, resembling figure 2, is some- 
times met with, in which little spots of lighter colour are 
studded in a brown substratum. This it is now evident is the 
consequence of congestion of the portal system. Sometimes 
the liver is quite pale; that is because there is no congestion of 
either system; sometimes the liver is all red, then are both 
systems congested: sometimes in different parts of the same 
liver the opposite colouring is met with. 

But what is the nature and disposition of the single ele- 
mentary structure of the liver? what are the integral con- 
stituents of this conglomerate? the glandules or lobules of the 
liver, what are they, how formed, how distinguishable? In 
other conglomerate glands-the glandules are disposed upon the 
branches of the excretory duct ; thus in the parotid and pan- 
creas the duct is seen to perforate the gland, to divide in it, 
the branches to subdivide, and each subdivision to terminate in 
a glandule: the gland consists of a branching duct, in the 
last clustered ramifications of which the secreting vessels are 
distributed. But in the liver Mr. Kiernan discovered that a 
different arrangement exists. The glandules of the liver are little 
conical portions of parenchyma which are formed upon branches 
of the, hepatic veins; their bases are thickly set upon these 
branches, which are thence called sublobularveins ; and each little 
cone is perforated in its axis by @ branch from the sublobular 
vein, which is thence called the intratobular, vein. A gilandale 
of the liver has thus in its axis a branch of the vein by which. 
the blood is to be carried fyem it: the vessels’ which carry 
blood to it, and which take from it its excretory ducts, are dis- 
posed around it, cléthing it; Or around each glandule a ter- 
minal sac of Glisson’s capsule is spread as a web, the elements 
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of which plunge into the glandule, the unused blood being 
poured off by the central vein. 

The two following figures represent appearances ¢}tained by 
slitting up branches of the hepatic or portal veins, aru illus- 
trate the account that has been Fig. 3 Fir. 4 
given. Fig. 3 represents the 5 | = 
interior of a sublobular vein, | | } 
or branch of an hepatic trunk ; 
through its thin coats the dis- 
tinctions of colour are seen of 
brown spots and yellow sub- 
stratum; a small point in the 
middle of each of the former is the commencement of the intra- 
iobular vein, or vein of each glandule. On a branch of the vein 
is represented a section in their axes of three lobules superim- 
posed upon it, with the course of the intralobular vein in the 
centre of each. Fig. 4 represents a portion of a branch of the 
vena porte laid open. Through its thick coats the figure of the 
lobules is less apparent, and the distribution of colour: still the 
outline of the lobules can be partially distinguished ; enough 
to show that the small branches of the portal vein, which are 
given off to be distributed in the hepatic parenchyma, are not 
given off opposite to the brown spots, or to the centre of the 
glandules, but to their interstices. The duct and artery are 
likewise represented participating in the same distribution. 

But what is the structure of each lobule? The following 
diagram is intended to illustrate it. 


Fig. 5. 
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from it are represented as passing through the lobule, and ter- 
minating in the central intralobular vein. The figure, how- 
ever, is ‘ictly a diagram; in place of a few large vessels there 
represUnted, in nature there are innumerable capillaries. The 
vessels in the figure, which are dotted, stand for the commence- 
ments of the biliary system. The initial hepatic ducts are a 
network of fine tubes, of infinite number and reticular com- 
plication, involved with, and interposed among the intralobular 
capillaries. It is supposed that secretion is effected by the 
transudation of the bile from one vessel into the other, from 

capillary into the excretory canals. Thus the hepatic 
excretory system does not begin in a cell, but in a tubular 
network. The little biliary tubes I have distinguished by 
means of dots, because as long as their ramifications can be 
followed, when laid open, they are seen to be regularly studded 
with a double row of mucous follicles. 

Of the termination of the nerves in the liver, asin other parts, 
nothing is known with certainty. Mr. Kiernan has thrown 
more light upon the termination of the hepatic artery. He is 
of opinion that its branches terminate in the final branches of 
the portal system. Probably many of them terminate in the 
intralobular capillaries themselves : thus bringing adi the blood 
from the three great azygous branches of the abdominal aorta 
sooner or later to one and the same termination, namely, to the 
portal system. 

Bile, like all animal fluids, is composed principally of water ; 
the solid matters contained in the bile are nearly altogether 
formed from one or more proximate principles, in which carbon 
and hydrogen predominate. These proximate principles exist 
simultaneously, if not in conjunction, with soda, and with 
various salts of soda, besides other substances. 

The bile is sometimes green, sometimes of a yellowish brown, 
sometimes nearly colourless. Its taste is bitter, but not in-_ 
tensely so. It is seldom completelf liquid, but usually: contains 
some yellow matter suspended mi; When evaporated to dry- 
ness, it leaves a brown matter is ating about one-eleventh: 
of the original weight, 7, 

‘The bile is perhaps thé’ pat saseles of ait’ te. ‘atimel 
fluids. Besides. salitie ingredients of the inorganic: ‘elas, ‘it 
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asparagin, acetic acid, oleic acid, margaric acid, cholic acid, 
resin, and colouring matter. 

It was thought that the secretion of bile might take place from 
arterial blood. Mr. Abernethy mentions having examined the 
body of a female infant, which measured two feet in length, 
and seemed abont ten months old. The muscles of the child 
were large and firm, and covered by a considerable quantity of 
healthy fat; and the appearance of the body strongly implied 
that the child had, when living, possessed much vigour of 
constitution. The liver waa of the ordinary size, but had not 
the usual inclination to the right side of the body; jt was 
situated in the middle of the upper part of the abdomen,‘ and 
nearly an equal portion of the gland extended into either 
hypochondrium. The gall-bladder lay collapsed in its usual 
situation: it was of a natural structure, but rather smaller than 
common. It contained about a tea-spoonful of bile, in colour 
resembling the bile of children, being of a deep yellow: it also 
tasted like bile: it was bitter, but less so than common bile. 
In this infant (and the case is not a solitary one) the vena 
porte terminated in the inferior cava, and the entire supply of 
blood to the liver was derived through an hepatic artery larger 
than common. 

On the other hand, the recent experiments of M. Simon upon 
pigeons have shown, that when the hepatic artery is tied, the 
secretion of bile continues; but that if the portal vein and the 
hepatic ducts are tied, no trace of bile is subsequently found 
in the liver: several pigeons survived the latter operation six- 
and-thirty hours. In these animals it therefore appears that 
the secretion of bile takes place from venous blood. 

M. Simon further observed, that when the hepatic ducts 
alone were tied, the liver became choked up and filled with 
globules of a green tint; and that this colour was diffused 
over the whole surface of the organ, and affected the adjoming 
parts. It is remarkable, that in from ten to twenty hours after 
this experiment, the animals discharged by the anus matter 
absolutely greet, and of the colour of the bile, with which the 
liver was ovetlodded;—-and it seems not-unreasonable to sup- 
pose that this appearance resulted on $vionions secretion by 
the kidneys. 

_ To complete the body of evidence iv®-favour of the opinion 
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that the bile is necessarily formed from venous blood, Mr. 
Kiernan found, on examining the preparation of Mr. Aber- 
nethy’s above referred to, that in it the hepatic artery did not 
usurp the place of the portal vein: but the portal vein existed 
as usual, only that it had a blind commencement: its distri- 
bution in the liver was the same as usual 3, ‘the relation of the 
hepatic artery to it was likewise the samfé as usual; so that 
the blood introduced into the liver by the hepatic artery only 
reached the intralobular capillaries through the portal system, 
as in naturally formed livers. 


SECTION III. 
Of the Function of the Stomach. 


The progress of the food along the cesophagus is slow but 
uninterrupted, as we learn when what we swallow has a higher 
temperature than the blood. The descent of the food depends 
entirely upon muscular action, so that by practice one may 
swallow with the head downward. The fibres of the upper 
part of the cesophagus are observed, in experiments upon ani- 
mals, to become relaxed directly the food has passed ; but 
those belonging to the lower third of the canal remain firmly 
contracted for several seconds. M. Hallé remarked in a woman 
afflicted with a malady which permitted the interior of the 
stomach to be seen, that at each entrance of food into that 
cavity the inner membranes of the cesophagus were partially 
everted, so as to form a prominent circular fold at the cardia. 
Nothing, however, like a valve exists in human beings at the 
entrance of the stomach: to supply the place of one, when the 
stomach is distended, the lowest fibres of the esophagus are 
obseryed frequently to fall into a state of contraction : their 
action and relaxation likewise keep time in some degree with 
the breathing» the former generally taking place during in- 
spiration, when the pressure on the stomach is the greatest. 
The sensations excited in the cesophagus by pressure, lacera- 
tion, and differences of temperature, exactly resemble those of 
the skin on similar occasions. This mode of sensibility appears 
to: Lorminate abruptly at the cardia: the stomach seems to 
possess: nothing of kind, unless we take as evidence the 
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sensation of cold, which is referred to the epigastrium, after 
swallowing liquids at a low temperature. 

The first portions of the food that enter the stomach easily 
find room in its cavity; as more is introduced, that viscus, 
which when empty was a flattened flaccid sac, great part 
covered by the liver, now becomes rounded and prominent: as 
the stomach is fixed at the cardia, pylorus, and lesser curva- 
ture, its lower edge rises during its distension and projects in 
the epigastrium. As the contents of the abdomen during a 
meal are increased more rapidly than the abdominal parietes are 
disposed to yield, the different viscera undergo compressiqng. 
thence the bladder and rectum have a tendency to evacuate 
what they contain: the descent of the diaphragm likewise has 
greater resistance offered to it; so that the breathing is shorter, 
and the exertion of continued speaking or of singing is attended 
with more than usual effort. 

The pylorus is guarded by the contraction of its circular fibres. 
The food does not, however, on being first swallowed, appear 
to be equally diffused throughout the stomach; it is detained 
in the great or cardiac extremity, a third of the length of the 
stomach towards the pylorus being cut off from the rest by a 
sort of hour-glass contraction of the circular fibres. Sir Everard 
Home first described this appearance in the human stomach ; 
its occurrence has since been disputed ; but I have met with it 
in several instances where death had occurred suddenly, while 
digestion was going on. The food retained in the great ex- 
tremity of the stomach is slowly dissolved; the solution takes 
place upon the surface, and in proportion as it proceeds, the 
dissolved part is rolled off the rest by the peristaltic action of 
the fibres of the stomach, and carried to the pyloric portion. 

All that is swallowed is not digested. By practice one may 
learn to swallow air, which either soon leaves the stomach, or 
produces pain and nausea. Plain water, or spirits largely 
diluted with water, and the like, are readily absorbed without 
undergoing @ previous change. M. Magendid mentions that 
when a ligature has been tied upon the pylorus in an animal, 
the disappearance of the aqueous contents of the stomach is 
not materially retarded by it. Various gmedicinal substances, 
whether mineral or vegetable, are directly absorbed or imbibed 
by the vascular surface of the alimentary canal. The food of 
some tribes of savages again is partly of a mineral nature. The 
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Otomacs swallow daily for a season large quantities of an 
unctuous earth. It is probable, however, that they derive no 


nourishment from it; and that it only serves mechanically, ane 


allay the cravings of their hungry stomachs. 

The materials which we digest are furnighed by animals and 
vegetables: the office of the stomach is tgenvert food of this 
description into an uniform semifluid mass, which is termed 
chyme: this change is wrought in human beings, as many 
experiments have shown, through the exclusive influence of 
the fluids of the stomach. In proof of the solvent effect of the 

stric juice, Spallanzani contrived to throw up, by exciting 
vomiting mechanically, a tube containing flesh and perforated 
with holes, which he had swallowed four hours before: the 
flesh was thoroughly soaked with the fluid of the stomach, and 
its surface was soft and gelatinous: it had moreover wasted 
from fifty-three to thirty-eight grains *. Dr. Stevens induced 
a person practised in swallowing pebbles, to swallow a hollow 
silver sphere, containing raw or cooked flesh or vegetables, and 
perforated with holes that would admit a crow-quill: the 
sphere was voided in about forty hours perfectly empty. 
Mr. Hunter observed that the splenic portion of the human 
stomach is found occasionally softened, and even partially or 
wholly dissolved, after death. In the latter case, the edges of 
the opening appear pulpy, tender, and ragged; and the parts 
adjacent to the stomach, the spleen, the diaphragm, and even 
the lung, are sometimes additionally affected+. No one 
accustomed to dissection but has verified these observations to 
a greater or less extent. Dr.W. Philip particularly describes 
a similar appearance in the stomachs of rabbits, when killed 
after taking food; and remarks upon the singularity of this 
occurrence in animals habituated to the digestion of vegetable 
matter only. 

The conversion of the food into chyme is wholly different 
from the spontaneous resolution which warmth and moisture tend 
to produce in ig. The gastric juice is of an antiseptic nature. 
Spallanzani ascertained that the gastric juice of the cow and 
the dog will preserve veal and mutton, and that without loss of 
weight, for thirty-seven days in winter. And Dr. Fordyce 


. 
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found that the most putrid meat, after remaining a short time 
in the stomach of a dog, became perfectly sweet. | 
The action of the juices of the stomach upon its contents, 
rcsembles that of a chemical reagent capable of dissolving 
them. A morsel of white of egg, for example, after remaining in 
the stomach, has much the same appearance as if it had been 
macerated in weak vinegar or in a solution of potass. Accord- 
ing to the notion ordinarily entertained, chyme is an homo- 
geneous greyish pulp, of a sickly sweetish taste, and slightly 
acid. But it appears likely that there are as many species of 
chyme as there are of aliments, each having some sensible points. 
of difference from the rest, and retaining other points in common. 
In the elaborate experiments of Tiedemann and Gmelin the 
following differences were observed in the digestion of different 
principles. The animals chosen for these experiments were 
dogs and horses. Liquid albumen introduced into the stomach 
forms a homogeneous fluid, in which the albumen remains 
quite unaltered ;- and this sort of chyme passes the pylorus 
more rapidly than any other. Coagulated albumen is much 
more slowly dissolved, and the fluid possesses the properties of 
coagulated albumen dissolved in acetic acid. Fibrin and 
vegetable gluten undergo a similar change. Gelatin is con- 
verted into a clear brownish fluid, in which neither gelatin nor 
albumen can be discovered. White cheese forms an opaque, 
dirty white fluid, containing much animal matter, which how- 
ever is neither casein, gelatin, nor albumen. Starch is gra- 
dually dissolved, and loses its reaction with iodine, being 
converted into sugar and amidine. The results obtained with 
compound articles of food, such as milk, beef, bread, and oats, 
in various states of mixture, were such as the foregoitig facts 
would lead one to anticipate. Bones gave a liquid, which 
contained not only animal matter, but likewise a large quantity 
of lime. The general result of the whole series of experjments 
is, that all the animal principles, except liquid albumen, undergo 
a material change during their solution in the gastric juice, 
and that the change generally consists in their being made to 
approach nearer in their nature to albumen *. 
The character common to chyme, from whatever kind of 
food it may have been produced, is its acidulous flavour. 
Dr. Prout ascertained that the acid generated is the muriatic, 
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both free and in combbunication with alkalis*. The same 
conclusion was soon after formed by Tiedemann and Gmelin. 
They assert the clear ropy fluid of the stomach without food fo 
be nearly or entirely destitute of acidity, while the presence of 
food or of the most simple stimulus to the mucous membrane, 
occasions it to become acid, apd more se, according to the 
greater indigestibility of the food. The acid is very copious. 
They also assert the presence of acetic acid; but Dr. Prout 
believes this neither necessary nor ordinary, and derived from 
the aliment when it is observed. Dr. Prout likewise considers 

e general change of the aliment in the stomach to consist in 
its greater or less approach to the nature of albumen, but he 
has been unable to detect true albumen there, when none has 
been taken +. 

The agency of the stomach, viewed as a whole, Dr. Prout 
observes may be stated as follows. The stomach has the power 
of dissolving alimentary substances, or at least of bringing them 
to a semifluid state: this operation seems to be entirely che- 
mical, and is probably effected by reducing the proportions of 
these alimentary substances. 

By reduction Dr. Prout means, the combining of a super- 
fluity of water with the original element, rendering it weaker. 
Thus fluid albumen is first coagulated (this however is an acci- 
dent, for gelatin is not): the curdy mass then assumes a 
gelatinous appearance, till at length the whole becomes nearly 
fluid. Yet the albumen has undergone no real change. What 
was introduced into the stomach as albumen is still albumen in 
the chyme. Yet it has assumed an appearance altogether 
different : it now coagulates imperfectly, andwants tenacity. It 
has bee@e chemically combined with a portion of water. 

With respect to the powers of conversion possessed by the 
stomach, Dr. Prout makes the following remarks. 

Though the proportions of the different ingredients of the 
chyle, as ultimately formed, are liable to be much varied 
according to the nature of the food; yet whatever the nature 
of the food may be, the general components and character. of 

the chyle remain always the same. The stomach must there- 
fore be endowed with a power or faculty, the agency of which 
is to secure the uniform composition of the chyle by appro- 


- ™ Phil, Trans., 1824, p. 48. 
t Elliotsen’s translation of.Blumenbach’s Physiology, p. 325. 
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priate action upon such materials as circumstances may bring 
within its reach. For indeed, the chief materials from which 
chyle is formed, namely, the albumens and oleaginous prin- 
ciples, may be considered as already fitted for the purpcses of 
the animal mconomy, without undergoing any essential change 
in their composition. But the saccharine class of aliments, 
which form a very large part of the food of all animals (except 
of those subsisting entirely on flesh), are by no means adapted 
for such speedy assimilation. Indeed, one or more essential 
changes must take place in saccharine elements previously to 
their conversion, either into the albuminous, or into the olea agi 
nous principles. Most probably under ordinary circumstances 
these essential changes are altogether chemical ; that is to say, 
they are such as do take place, or rather would take place, if 
the aliments of the substances thus changed in the stomach 
could out of the body be so collocated as to bring into action 
the oppositions necessary to produce these changes. Thus the 
saccharine principle spontaneously becomes alcohol, which is 
merely an oleaginous body of a weak kind. When therefore 
in the stomach, it is requisite that sugar be converted into oil, 
it is probable that the sugar passes through precisely the same 
series of changes it undergoes out of the body, during its con- 
yersion into alcohol. We cannot trace the conversion of sugar 
into albumen, because we are ignorant of the relative compo- 
sition and of the laws which regulate the changes of these two 
substances. The origin of the azote in the albumen is likewise 
at present unknown to us, though in all ordinary cases it 
seems to be appropriated from some external source. That the 
oleaginous principle may be converted into most, if not all the 
matters necessary for the existence of animal bodies, Meems to 
be proved by the well-known fact, that the life of an animal 
may be prolonged by the absorption of the oleaginous matter 
contained within its own body. 

Very little gas is found in the stomach during chymification. 

M. Magendie gives the analysis by M. Cheweuil of a small 
quantity taken from the stomach of an executed criminal. 
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About four or five hours may be supposed to be the ordinary 
time in which the conversion of a meal into chyme is effected. 
M. Richerand mentions that a woman, who had a fistulous 
ulcer in the stomach at one-third of its length from the pylorus, 
habitually discharged chyme through the aperture between 
three and four hours after a meal. She was irresistibly led to 
remove the dressing from the part at this time. The chyme 
issued rapidly with a noise and an expulsion of gas. How- 
ever, the period that chymification takes depends in a great 
degree upon the nature of the food. According to the obser- 

ations of M. Magendie, fat, tendon, cartilage, coagulated 
albumen, mudilaginous and sugary vegetables, resist the action 
of the stomach longer than fibrinous and glutinous substances. 
In experiments made by Sir Astley Cooper, fat was found to 
be digested in the stomach of a dog considerably more rapidly 
than muscular flesh, than cheese, than skin, cartilage, tendon, 
or bone, each of which had lost less in weight than the 
preceding in a given time through the influence of the gastric 
secretion *. 

Imperfect mastication of the food renders the process of 
chymification slower. Violent exercise or mental excitement 
immediately after a meal retard its conversion into chyme, and 
sometimes cause nausea and vomiting. The recumbent posture 
retards the formation of chyme: sleep retards it: gentle exer- 
cise, with a cheerful flow of spirits, promotes it. 

As the conversion of the food into chyme proceeds, the 
sensation of fulness and the disinclination to exertion which 
ensue upon a hearty meal gradually wear off; and the system 
recovers from the general languor and oppression of other 
faculties, which naturally supervene during the commencement 
of digestion. 

In what degree digestion is under the influence of the 
nervoys system is an inquiry that has led to numerous experi- 
ments. 

It appears sefficiently established, that a meal may be con- 
verted into chyme after the nervi vagi have been divided, if 
their division has been made in such a manner as not to inter 
fere with the functions of other organs besides the stomach. 

Sir Benjamin Brodie divided the par vagum upon the cardia, 


- * Scudamore on Gout, p. 636. 
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and found that the injury did not prevent the conversion of the 
food inte chyme. 

M. Magendie exposed the pneumogastric nerves upon the 
cesephagus immediately above the diaphragm, after taking out 
a portion ef a rib, and divided them. The animal was then 
compelled to swallow food, which was converted into chyme, 
and was found to furnish afterwards an abundant quantity of 
chyle *. 

When, however, the nervi vagi are divided in the neck, 
the production of chyme has been described as imperfect in 
these cases wherein it is not entirely prevented ; but it is pr 
bable that these results ensue indirectly, and are to be attri- 
buted to the derangement of other functions. The researches 
of Dr. W. Philip, confirmed by those of MM. Breschet, 
Edwards, and Vavassour, tend to make it appear that the 
galvanic influence directed upon the stomach after the division 
of the nervi vagi in the neck restores its digestive properties ; 
and that the removal of a portion of each nervus vagus, or the 
turing away of the ends of the divided nerves, interferes with 
digestion considerably more than the simple division of these 
nerves. But whatever light has been thrown upon this subject 
by the researches of the physiologists I have mentioned, and by 
the experiments of Mr. Broughton and of Mr. Cutler, we must 
admit that it yet remains involved in great uncertainty. 

MM. Leuret and Lassaigne are among the last who have 
resumed and varied the experiment of the division of the 
pneumogastric nerves. They state as the result of their in- 
quiries, that the only obvious and necessary effect of the 
operation is to paralyze the sphincter muscle of the cardiac 
orifice of the stomach. They found, that when five or six 
inches of each nervus vagus were cut away in the neck of a 
horse, and the gullet was tied after the animal had been fed 
with outs, digestion went on as rapidly as usual: in eight, hours 
one-half of the oats had passed the pylorus; what remained in 
the stomach was all converted into chyme, ard the lacteals 
were everywhere distended with a white fluid possessing the 
physical and chemical properties of chyle. This experiment 
was frequently repeated, and invariably with similar results +. 


* Magendie, Elémens de Physiologie, toine ii, p. 103. . 
t Edinburgh Medical Journal, No. aeiig p- 365. 
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{t appears from experiments by M. Magendie, that when 
the cerebrum and great part of the cerebellum have been 
removed in ducks, the instinct of seeking food is lost in every 
instance, and the instinct of deglutition in many ; nevertheless, 
food that has been introduced into the stomach is found to be 
digested. 


SECTION IV. 
ae, Of the Formation of Chyle. 


The chyme no sooner collects in the pyloric extremity of the 
stomach, than it is carried into the duodenum; so that two 
or three ounces of chyme are the largest quantity ever found 
in the part of the stomach adjoining the pylorus. Upon watch- 
ing the manner in which the chyme is carried into the small 
intestine, a vermicular action 1s first observed to commence 
upon the duodenum and gradually to extend itself over the 
stomach. This having ceased, a new vermicular motion begins 
upon the stomach itself, which is continued in the opposite 
direction over the pylorus to the duodenum, carrying the 
chyme before it. These phenomena are repeated at intervals, 
and are not observed to be suspended by the division of the 
pheumogastric nerves. 

Upon entering the duodenum the chyme becomes mixed 
with the bile, the pancreatic secretion, and the mucus of the 
intestine. 

The bile may be seen in living animals to exsude from the 
ductus choledochus, not continually, but at intervals, a drop 
appearing at the orifice and diffusing itself over the neighbour- 
ing surface about twice in a minute. The pancreatic secretion 
is yet slower in its elimination*. The bile entering the intes- 
tine qtickly imparts its sensible qualities to the chyme,—ite 
colour and bitterness. In a short time a spontaneous change 
is observed to'take place in the compound. It commonly 
separates into a whitish tenacious liquid termed chyle, and a 
yellow pulp. The former is the recrementitious part of the: 


* Tiedemann and Gmelin find that the pancreatic secretion thihites ¢ 
very large proportion of highly azotized principles, namely, albumen, 
casein, osmazome, and a matter which is turned red by ; 
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aliment; the latter, the excrementitious portion, which after 
undergoing a further change is to be thrown out of the sys- 
tem. Both together are slowly carried along the small 
intestinea, the viscid chyle adhering to the villi, and being 
detained in the furrows between the valvule conniventes; the 
excrementitious part finally reaching the colon. The chyle 
gradually disappears in its passage along the small intestines, 
being absorbed by vessels, which, with their contents, will be 
described in the following chapter. 

The appearance of opaque white tenacious flocculi is however 
only met with in the contents of the duodenum, when they are 
derived from the digestion of animal or vegetable matter con- 
taining fat or oil. Under other circumstances a viscid greyish 
substance is found, that forms a layer of greater or less thick- 
ness, which adheres to the mucous membrane, and which must 
be considered as chyle. This difference has been the cause of 
several mistakes in investigating the source of the chyle. 

It is natural to suppose, that the separation of this important 
substance from the food essentially depends upon its mixture 
with the peculiar extraneous secretions that are poured into the 
duodenum. But various facts have been brought forward, 
which favour a different conclusion. The question is one of 
the greatest interest; and it has been recently discussed with 
so much ability in an article in the 93d number of the Edin- 
burgh Medical and Surgical Journal, that I shall not scruple, 
for the advantage of my readers, to extract at length the 
observations of the anonymous critic, who appears to me on 
good grounds to consider some experiments of my own falla- 
cious. 

‘‘A few years ago Mr. Brodie was led to infer, from some 
experiments on the effects of tying the excretory duct of the 
liver in animals, that the chief purpose of the bile is to sepa- 
rate the chyle from the chyme. For he remarked, that when 
the choledochus duct was secured with a ligature, and ,food 
then given, chymification went on in the stomach as usual, but 
no.chyle could be found in the intestines, or in the lacteals. 
The lacteals contained a transparent fluid, which he supposed 
to be lymph, and the watery part of the chyme*. Mr. Brodie’s 
observations have been confirmed by the subsequent experi- 
ments of Mr. Herbert Mayo, who remarks, that when the 
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choledochus duct was tied in the cat or dog, and the animal 
killed at various intervals after eating, ‘there was no trace 
whatever of chyle in the lacteal vessels *.’ 

‘These results are at variance with the experiments both 
of Leuret and Lassaigne, and of Gmelin and Tiedemann. 
The former tied the common duct in a dog, and cleared out the 
intestines by giving it a little castor oil. Twelve hours after 
the operation they gave it bread and milk with sugar thrice at 
intervals of six hours; and eight hours after the last meal it 
was strangled and examined immediately. The stomach con- 
teined an acid pulp; a very soft, whitish, sweet-tasted chyme 
adhered to the villous coat of the duodenum; this matter in- 
creased in consistence downwards ; and in the great intestines it 
was firm, but had the same colour, and was nearly destitute of 
taste or smell. The thoracic duct was distended with a 
yellowish red transparent fluid, which coagulated on standing 
exposed to the air, and yielded the usual proportion of fibrin, 
albumen, and saline matters. 

“‘ The experiments of Tiedemann and Gmelin are much more 
elaborate and precise. They remarked that the animals were 
attacked with vomiting soon after the operation, then with 
thirst and aversion to food; on the second or third day the 
conjunctiva of the eyes became yellow; the stools chalky and 
very fetid, and the urine yellow and convertible to blue, and 
then to red, with nitric acid. Some of the animals died ; some 
were killed. Of the latter some had previously recovered from 
the jaundice, which was owing to a singular phenomenon also 
noticed by Mr. Brodie in his experiments, the re-establishment 
of the duct by the effusion of lymph around the tied part, and 
the subsequent dropping of the ligature. In those in which 
the biliary duct continued impervious the colouring matter 
of the bile was found in the blood, the serous membranes, the 
cellulas tissue, the coats of the arteries and veins, and in the 
fat. Like Brodie, Mayo, and MM. Leuret and Lassaigne, 
they observed that chymification went on as perfectly as in a 
sound animal. In the small intestines they found nearly, the 
same principles as in sound animals, with the exception of 
those derived from the bile; and in particular they: fotind 
in the duodenum, and in contact with its membrane, he: ‘soft 
fb x! 
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mucous flakes‘which some physiologists consider, bet as our 
authors imagine erroneously, to be chyle. The contents of the 
great intestines were likewise, with the exception of the absence 
of certam biltary principles, the same as in sound animals, but 
they had an exceedingly fetid and disagreeable odour. “The 
thoracie duct and the lacteals, in animals fed recently before 
death, always contained an abundant fluid, which was generally 
of a yellowish colour. It coagulated, like ordinary chyle; the 
erassamentum acquired the usual red colour; in short, the only 
difference between it and the chyle seen in a sound animal 
was, that after the tying of the choledochus duct it was never 
white. The reason of the difference appears to be, that the 
white colour is owing to fatty matter, taken up from the food 
by means of the bile, which possesses the power of dissolving 
fat, and probably, therefore, aids in effecting its solution in the 
chyle at the mouths of the lacteals. Mr. Brodie appears to 
have been misled by the absence of the white colour, which 
the chyle usually possesses, but which it is well known equally 
to want in ordinary digestion, if the food does not contain fatty 
matter. Professors Tiedemann and Gmelin confine the agency 
of the bile in chylification simply to the accomplishing the 
solution of the fatty matter*. 

“The question, therefore, comes to be, what are really the 
purposes served by the bile? This question has been fully 
considered by the Heidelberg professors. They conceive, in 
the first place, that by its stimulant properties it excites the 
flow of the intestinal fluids, which is clearly proved to be the 
case by the unusual dryness of the feces in jaundiced persons, 
and in animals whose biliary duct has been tied. In the next 
place, it probably stimulates the intestinal muscles to action. 
In the third place, considering the abundance of highly azotized 
principles it contains, it probably contributes to animalize those 
articles of feod which do not contain azote. Fourthly, they 
believe it tends to prevent the putrefaction of the food during 
its eourse through the intestines, because wheh it is prevented 
‘from flowing: imto them their contents appear much farther 


. De. Blundell bas notes of the cases of two infants, four or five months 
ald, in whom.the hepatic ducts terminated blindly ; so that no bile entered 
the intestines, ‘and the stools were white like spermaceti, and the skia 
ed ripen bap ily, and thriven tolerably 
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advanced in decay than in the healthy state. Fifthly, as 
already mentioned, it probably tends to liquefy and render 
soluble the fatty part of the food. But, lastly, they are 
disposed to consider it also as an important excretion. 

‘The arguments by which they endeavour to support this 
Opinion, and more particularly to prove that the secretion of 
bile is supplementary to the function of the lungs, are 
ingenious, if not conclusive. They first show, from the relative 
size of the vena porte and hepatic ducts, from the more intimate 
connection of the biliary capillaries with those of the vena 
porge than with those of the hepatic artery; and, finally, from 
the experiments of Malpighi, recently confirmed by those of 
Simon,—that the bile is a secretion from venous, not from 
arterial blood. They next prove that a great number of the 
principles of the bile, such as its resin, colouring matter, fatty 
matter, mucus, and salts, are thrown out of the body with the 
feces, in the natural state of the biliary system, or by the 
urine, and into the cellular tissue, when the excretory duct of 
the liver is obstructed. These principles all contain a large 
proportion of carbon, and would appear, therefore, to be m- 
tended to carry off the excess of that element which is intro- 
duced into the system with the vegetable part of the food, and 
which is not thrown off by the lungs. In the lungs it is 
thrown off in a state of oxidation; in the liver it is thrown off 
chiefly in union with hydrogen, as in the form of resin and 
fatty matter. That the bile is thus intended to assist the 
lungs in decarbonizing the blood appears, they conceive, from 
the following facts. The resin of the bile abounds most in 
herbivorous animals, whose food contains a great disproportion 
of carbon and hydrogen. But, what is of more importance, 
the pulmonary and biliary organs are in different tribes of 
animals, nay, even in different individuals of the seme species, 
in a state of antagonism to one another. The size of the. liver 
and the quantity of the bile are not proportionate to the quazi- 
tity of food and the frequency of eating ; but inversely propor- 
tional to the size and perfection of the lungs. hus, is these 
warm-blooded animals, which have large langs, and ive ao 
m the air, the liver, compared with the body, is propeatl 
Teas than in those which live partly in water. The hwaig® 
tionally still larger in reptiles which have lungs sj@h lars 
_ incapable of rapidly decaybohizing the blood, 4emnd in 
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which decarbonize the blood but slowly by the gills,—and above 
all, in molluscous animals, which effect the same change very 
slowly either by gills or by small imperfectly developed lungs. 
It is also worthy of remark, that the quantity of venons blood 
sent through the liver increases as the pulmonary system 
becomes less perfect. In the mammalia and in birds the vena 
porte is formed by the veins of the stomach, intestines, spleen, 
and pancreas; in the tortoise it receives also the veins of the 
hind legs, pelvis, tail, and the vena azygos; in serpents it 
receives the right renal, and all the intercostal veins; in fishes 
it receives the renal veins, and those of the tail and genital 
organs. Farther, during the hibernation of certain animals of 
the class mammalia, when the respiration is suspended, and no 
food is taken, the secretion of bile goes on. Another argument 
is drawn from the physiology of the foetus, in which the 
liver is proportionally a great deal larger than in the adult, and 
in which the bile is secreted abundantly, as appears from the great 
Increase of the meconium during the latter months of utero- 
gestation. The last argument is drawn from pathological facts. 
In pneumonia and phthisis the secretion of the bile, according 
to the observations of our authors, is increased ; in diseases of 
the heart the liver is enlarged; and in the morbus cceruleus the 
liver retains its foetal state of disproportion. In hot climates, 
too, where, in consequence of the greater rarefaction of the air, 
respiration is less perfectly carried on than in colder climates, 
a vicarious decarbonization is established by an increased flow 
of the bile. 

‘* Besides the bile and pancreatic juice, the chyme receives 
in the intestines an additional admixture of mucous, or other 
secretions from the intestinal villous membrane. Tiedemann 
and Gmelin remarked, that in animals which had fasted long, 
the inner surface of the small intestines was covered with a thin 
layer of firm mucus, tinged faintly yellow with bile, and, that if 
pebbles or pepper had been swallowed recently before death, 
a considerable quantity of thinner ropy mucus, &nd an increased 
quantity of ‘bile; had been poured out; and Leuret and Las- 
estgne farther. observed, that, when the villous coat of the 
duodeaimivwaa.exposed and cleaned, and then touched with 

-wamegar, the membrane immediately exhaled a clear 
the, choledochus duct discharged.much bile and pan- 
#31t must, however: da evidently almost impos- 
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sible to acquire a corgect idea of the composition and properties 
of the intestinal secretion, as it cannot be procured free from 
bile and pancreatic juice. Tiedemann and Gmelin found, that, 
in animals which had swallowed pebbles while fasting, there 
was in the intestinal contents more.albumen than the pancreatic 
juice could account for; and Leuret and Lassaigne also found, 
that the matter adhering to the intestines is.in similar circum- 
stances faintly acid. Both believe that it possesses the power 
of dissolving the food, and Leuret and Lassaigne even give 
experiments from which they wish it to be inferred, that the 
intestinal secretions, when mixed with the bile, form a solvent 
for the food quite as active as the gastric juice, if not even 
more energetic. But their experiments are unsatisfactory, be- 
cause in the way in which the intestinal contents were collected 
they could not fail to be mingled with gastric juice *. 

‘**‘ But whatever may be the agent or agents in the process, 
it is well known that in their course through the intestines the 
portions of food which escape chymification in the stomach are 
gradually altered in nature. The more nutritive articles, such 
as coagulated albumen, fibrin, casein, gelatin, disappear en- 
tirely, according to Tiedemann and Gmelin, before they reach 
the lower end of the ileum, and when any fecula passes the 
pylorus unaltered, it is converted as in the stomach into sugar 
and amidine. There is therefore a close analogy between the 
process of chymification as carried on in the stomach, and the 
changes which are effected in the small intestines. 

‘On account of the great number and the complexity of the 
fluids which are added to the chyme after it reaches the intes- 
tines, it is very difficult to determine what precise changes are 
effected on the food after chymification. The chief facts 
determined are, that the acidity of the chyme decreases as it 
passes downwards, and at length disappears long before it 
reaches the cecum; that albumen exists abundantly in the 
duodenum, and decreases rapidly downwards; and that the 

e ‘ 

* M. Magendie found on introducing a piece of raw flesh inte they 
duodenum of a healthy dog, that in am hour it had been. carried tos 
rectum with uo farther change than a discolouration of it ‘er hecn. Seen 
fixing a morsel of flesh in the small Anteatite with a thré 
of-three hotind it appeared to Have lost sbout half: its 
had. heen’ ptincipally repioved, what was left was enti 
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casein and ather highly azotized principles contained in the 
pancreatic juice also gradually disappear. The disappearance 
of the acidity of the chyme is partly explained by the admix- 
ture of the alkali contained in the bile; the albumen is lost, 
because it forms an important element of the chyle; and 
Tiedemann and Gmelin suppose that the other more highly 
azotized principles go to convert into albumen the unazotized 
principles in vegetable food,—an idea which derives some sup- 
port from the fact, that herbivorous animals have a larger 
pancreas than carnivorous animals, and that a corresponding 
difference exists between the wild and domestic cat, the former 
of which lives entirely on animal food, and has the least 
pancreas. 

‘‘The changes wrought on the food in the intestines take 
place chiefly in the duodenum and upper part of the jejunum. 
This is shown by the visible properties of the contents of the 
intestines, and by chemical analysis, and it is farther proved by 
the gases evolved in the small intestines being produced, 
according to Leuret and Lassaigne, chiefly, if not solely, in the 
upper part of their course. These gases, according to the same 
experimentalists, consist of carbonic acid, azote, and carburetted 
hydrogen, and are the result, not as some think of putrefac- 
tion, but of the chemical changes caused by the digestive 
process. 

‘‘Tiedemann and Gmelin maintain that it is an error to 
suppose, as some physiologists, and very recently Magendie, 
have done, that chyle is formed, and may be seen in the 
intestines. White flakes may be remarked floating in their 
contents, and adhering to their inner surface, and these have 
been believed to be the chyle on the point of being absorbed. 
They are certainly not formed, as has been imagined, by the 
action of the bile on the chyme, for no such effect is caused by 
the bile on the chyme out of the body; and on the whole, it 
appears that they are really nothing else than flakes of 
thickened mucus. Leuret and Lassaigne, however, affirm, that 
all the eepential principles of the chyle exist ready formed in 
the chym#,: The serous part of the chyle is well known to be 
present, The fibrinous particles, they say, may also be de- 
tected. Te da in oan; indeed, to attempt, to discover them by 
chemical analysis; this cannot be dong, syen when chyle is 
purposely ngeiec with chyme,— ye, g@bportion of other prin- 
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ciples mixed with them being too great. But if the chyme be 
attentively examined with the microscope, globules will be 
found even in the stomach, but much more numerously in the 
duodenum, which resemble exactly the fibrinous globules of the 
chyle. That they are in fact nothing else, appears, they think, 
from their being seen before the microscope to run together and 
form fine fibrils, and from the absence of such globules in the 
gastric juice, bile, pancreatic fluid, and intestinal mucus, so 
that nothing but the food can yield them. If these remarks 
shall be confirmed, the Parisian physiologists have certainly 
adged an important fact to our knowledge of the process of 
chyhification.”’ 

Gas obtained from the small intestines of criminals exeeuted 
shortly after a repast, was found by M. Chevreuil to contain no 
oxygen. In the two first cases in the following table, the 
repast had preceded execution two hours: in the third, it had 
preceded death four hours. 


Carbonic Acid. Hydrogen. Nitrogen. 


Ist ...... 24.39 + 55.53 + 20.08 = 100 
2d ..... 40.00 — 51.15 + 885 = 100 
3d ....6. 25.00 + 8.40 i 6660 = 100 


SECTION V. 


Office of the Great Intestines. 


The changes which take place upon the matter introduced 
into the colon are a farther absorption of its fluid parts and an 
admixture with the secretion of the bowel, from which the 
excrementitious substance derives its fecal odour, which till 
then ‘is,wanting. 

Tiedemann and Gmelin observe, that the contents of the 
alimentary canal, though no longer acid in the lower part of the 
small intestines, again bed¢ome acid in the commeneeiae 
the great intestine, and-are more acid in pro DOHDN ah. 
aliment is less digestible.““"These remarks evidenty.apheagae 
the analogy already.. adverted to, between the stout He 
caput coli. Alb ine ‘J Tikewise often reappeti ni ae the prea 
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intestine. Dr. Prout found the fluids of the large intestines 
coagulate hymph even as low as the rectum. 

By whatever means absorption takes place from the great 
intestine, it appears probable that nourishment may be received 


through this channel. 


rectum are known to have proved nutritious. 


Injections of strong broth into the 


It would-: be 


important to ascertain the height to which fluids pass, that ate 
thrown for this purpose into the lower bowels. 

The difference of the gaseous contents of the great and small 
Intestines consists in the absence of pure hydrogen from the 
former: in its place a somewhat smaller proportion of carbu- 
retted and sulphuretted hydrogen is found. 

I extract from Dr. Prout’s inquiries part of a tabular view 
of the contents of the alimentary canal in dogs fed upon 
vegetable and animal food, which will serve additionally to 
illustrate the changes produced in different parts of the great 


intestine. 


VEGETABLE FOOD. 
From the Caecum. 


Of a yellow brownish colour, and 
of .a thick and somewhat slimy eon- 
sistence. Did not coagulate milk. 

A. Water, quantity not ascer- 
tained. 

B. Combination of mucous prin- 
ciple with altered alimentary mat- 
tets insoluble in acetic acid, and 
constituting the chief bulk ot the. 
substance. 

_ C. Albuminous matter, none. 


D. Biliary principle, somewhat 
altered in saueneny: oo as be- 
fore. 

R. Vegetable gluten? none; but 
contained a ‘principle soluble in 
acetic Sex ‘nd. precipitable very 





ANIMAL FOOD. 
From the Caecum. 


Of a brown colour, and very 
slimy consistence ; smell very offen- 
sive and peculiar. Coagulated milk. 

A. Water, quantity not ascer- 
tained. 

B. Combination of mucous prin- 
ciple with altered alimentary imat- 
ters insoluble in acetic acid, and 
constituting the chief bulk of the 
substance, 

C. Albuminous matter, a distinct 
trace. | 

D. Biliary principle, somewhat 
altered in quantity, nearly as be- 
fore. . ° 

E. Vegetable gluten? none; but 
contained a pfinciple soluble in 
acetic acid, and precipitable very 
copiously by oxalate of ammonia. 

F, Saline matters, nearly as be- 
fore. te oe 

ye ne : aabie. residaum, in’ am all 
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VEGETABLE FOOD. 
From the Coton. 


Of a brownish yellow colour of 
the consistence of thin mustard, 
and full of air babbles. Smell 
faintish and peculiar, somewhat 
like raw dough. Did not coagulate 
milk. 

A. Water, quantity not ascer- 
tained. 

B. Combination of mucous prin- 
ciple with altered alimentary mut- 
ters, the latter in excess, insoluble 
in acetic acid, and constituting the 
chief bulk of the substance. 

C. Albumineus matter, none 

1D. Biliary principle, nearly as 
before ip all respects. 

E. Same as in the cecum. 

F, Salts nearly as above. 


G. Insoluble residuum, less than 
in the czecum. 


VEGETABLE FOOD. 
From the Rectum. 


Of a firm consistence, and of an 
olive-brown colour inclining to 
yellow. Smell footid and offensive. 
Did not coagulate milk. 


‘A. Water, quantity not ascer- 
tained. 

B. Combination or mixture of 
altered alimentary matters in much 
greater excess than in the colon, 
with sdime mucus; insoluble in 
acetic acid, and constituting the 
chief bulk of the feces. 


C. Albuminous matter, none, | 
D. Biliary principle, partly 
changed to a perfect resin, = 
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. ANIMAL FOOD. 
From the Colon. 


Consisted of a brownish tremu- 
lous and mucus-like fluid, part 
with some whitish flakes, some- 
what like coagulated albumen, 
suspended in it. Smell faintish, 
and not peculiarly feetid, like bile. 

A. Water, quantity not ascer- 
tained. 

B. Combination of alimentary 
matter in excess with mucous prin- 
ciple, iuscluble in acetic acid, and 
constituting the chief bulk of the 
substance. 

C. Albuminous matter, none. 

D. Biliary principle, nearly as 
before in all respects. 

E. Same as in the caecum. 

F. Salts nearly as above. Only 
some traces of an alkaline phos- 
phate are observed. 

G. Insoluble residuum, a flaky 
matter in very minute quantity. 


ANIMAL FOOD. 
From the Rectum. 


Consisted of firm scybala, of a 
dark brown colour inclining to 
chocolate. Smell very foatid. Milk 
was coagulated by the water -in 
which it had been diffused. . 

A. Water, quantity not ascer- 
tained. 

B. Combination or mixture of 
altered alimentary matters in much 
greater excess than in either of 
the other specimens, with some 
mucus; insoluble in acetic acid, 
and constituting = chief nia of 
the feces. haben’? og 

C. Albuminows sage, sone, 

D, Biliary principle, , more 
siderable than in, ee 3 






stance, | 
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VEGETABLE FOOD. ANIMAL FOOD. 
From the Rectum. From the Rectum. 


E. Vegetable gluten? none; but E Vegetable gluten? none; but 
contained a principle similar to contained a principle similar to 


that in the ceacum and colon. that in the cescum and colon. 
F. Salts nearly as before. F. Salts nearly as before. 
G. Insoluble residuum, consist- G. Insoluble residuum, consist- 


ing chiefly of vegetable fibres mixed ing chiefly of hairs. 
with hairs. 


The analysis of human feces, according to Berzelius yields— 





Wate Prise cis cssiind nie cwea lenandaeevewsene Monakiresonesastvenayease: soaps 13.3 © 
Vegetable and animal remains ..... ......cccscssescescescccsnscceess 7.0 
Bil 6) wcsnsinsd deat coareviegavagesenasectuncedesddsubGupationes Secdesmacseies ses 0.9 
PUIDUVON o sisienised covey canes cascnadctene oedssnceaviausecespessesveiwadsassve 0.9 
Peculiar and extractive matter.......ccccccsccccccccsscscececessecens 27 

Slimy matter, consisting of picromel, peculiar animal matter, 

and insoluble residue..........scescccsessees cocsceecees eovsesoeece 14.0 
RORIES cesses sRsciceradsasweuenudeveeetaneekeouheniy cauns sea adeee eye 1.2 

100.0* 


As the excrementitious mass descends, it gradually parts 
with its fluids, becoming towards the rectum particularly dry ; 
it here produces a sensation leading to the desire to expel it, 
accompanied by an involuntary contraction of the fibres of the 
bowel. It commonly happens that the peristaltic action of the 
fibres of the rectum when first distended with fecal matter is 
opposed by the contraction of the sphincter externus ani; and 
for the subsequent expulsion of the feces the bowel has 
again to be thrown into action by an effort of the will. 

But we have not grounds for believing that the muscular 
coat of the bowel isa part that can act voluntarily : all that 
we know to take place is, that when pressure is made upon the 
bowel by the diaphragm, abdominal muscles, and levator ani, 
its peristaltic action recommences. ‘ 

The longitudinal fibres of the rectum tend to prevent pro- 
trusion of the lower part of the bowel, and assist in retracting it 
from the matter in progress of expulsion. 

The frequency with which the lower bowels are emptied 


— partly upon habit, partly upon peculiarity of constitu- 
Beberden mentions a person who naturally had a motion 


Y 


, * Thompson's Chemistry, vol. iv, p. 555, 
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once a month only, and another who had twelve motions every 
‘day during thirty years, and then seven every day for seven 
years, and rather grew fat than otherwise. In general the 
accumulation of fecal matter takes place in the rectum daily at 
the same hour: if the usual time for its evacuation is allowed 
to pass by, the contents of the rectum appear to be thrown 
back upon the colon: or at any rate the attempt to evacuate 
the bowels is fruitless. 


SECTION VI. 
Of the various Substances employed as Food. 


Vegetation seems interposed between the soil and animal life 
as a chemical apparatus for combining the elements of inert 
matter into forms, in which they become capable of being assi- 
milated by the animal body to its own nature. Animals again 
differ among themselves in the original fitness of their organs 
for digesting vegetable matter ; so that some appear to form an 
intermediate class in reference to the function of digestion, 
being intended to animalize vegetable matter, while they are 
themselves prepared by Nature to be the prey of animals ex- 
clusively carnivorous. Those which are herbivorous have the 
alimentary canal considerably more complicated than those 
which live on animal food; either the stomach is divided into 
distinct chambers, or the colon and cecum are remarkably 
developed to fit them for a more elaborate concoction of the 
foed. 

The common food of human beings consists either of mus- 
cular flesh and fat, of milk and eggs, or of the seeds of certain 
grassep, of the roots, the leaves, and stalks of different vegeta~ 
blea, and of various kinds of fruit. But the former substances 
are found to be more nutritious then the latter; and the greatest 
bodily strength is attained by combining a diet composed 
chiefly of animal substance with habits of strong’, ind regulag 
exercise, - ; uate she autia’ 

The proximate principles of animal matter w biel kee: 
nutriment are fibrin, albumen, jelly, oil, casein, ait @emazat 
or the extractive matter of meat, which seems to ate: 
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cific flavour to the flesh of different animals, but may possibly 
consist of fibrin only, slightly altered by heat*. 

Gluten, farina, mucilage, oil, and sugar, are the nutritive 
proximate principles of vegetable matter; at the head of which 
gluten-is placed, as a substance containing nitrogen, and more 
résembling animal matter than any other proximate prnepie 
plants. 

Dr. Prout reduces all the articles of nourishment among ‘he 
higher animals to three classes, the saccharine, the oily, and 
the albuminous. The first comprehends sugars, starches, gums, 
acetic acid, and some other analogous principles; the second, 
oils and fats, alcohol, &c.; the third, other animal niatters 
and vegetable gluten. The following passage is quoted by 
Dr. Elliotson in his translation of Blumenbach’s Physiology 
from an unpublished work by Dr. Prout on the subject of 
digestion. 

“ Observing that milk, the only article actually furnished 
and intended by nature as food, was essentially composed of 
three ingredients, vzz. saccharine, oily, and curdy or albuminous 
matter, I was by degrees led to the conclusion that all the 
alimentary matters employed by man and the more perfect 
animals, might, in fact, be reduced to the same three general 
heads; hence I determined to submit them to a rigorous exa- 
mination in the first place, and ascertain, if possible, their 
general relations and analogies. An account of the first of 
these classes, viz. the saccharine matters, has been just pub- 
lished in the Philosophical Transactions, and the others are in 
progress. The characteristic property of saccharine bodies is 
that they are composed simply of carbon united to oxygen and 
hydrogen in the proportions in which they form water; the 
proportions of carbon varying in different instances from about 
30 to 50 per cent. The other two families consist of compound 
bases (of which carbon constitutes the chief element) likewise 
mixed with and modified by water, and the proportion of carbon 
in oily bodies; which stand at the extreme of the scale in this 
respect, varies from about 60 to 80 per cent. ; hence, consider- 
ing carbon’d#:indicating the degree of nutrition, which in some 
respects may. -be fairly done, the oils may be regarded in general 
as the most tutritious class of bodies ; nod ais general conclu- 


ee | . * Thompson's Chemistry, vols i iv, " 424. 
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sion from the whole is, that substances naturally containing 
less than 30 or more than 80 per cent. of carbon are not well, 
if at all, adapted for aliment. 

‘It remains to be proved whether animals can live on one 
of these families exclusively, but at present experiments are 
detidedly against this assumption, and the most probable view 
is, that a mixture of two at least, if not of all three of the 
classes of nutriment is necessary. ‘Thus, as has been stated, 
milk is a compound of this description, and almost all the gra- 
mineous and herbaceous matters employed as food by animals, 
coptain at least two of the three. The same is true of animal 
aliments, which consist, at least, of albumen and oil; in short, 
it is, perhaps, impossible to name a substance employed by the 
more perfect animals as food, which does not essentially con- 
stitute a natural compound of at least ¢wo, if not of all three of 
the above three great classes of alimentary matters. 

‘¢ But it is in the artificial food of man that we see this great 
principle of mixture most strongly exemplified. He, dissa- 
tisfied with the productions spontaneously furnished by nature, 
culls from every source, and, by the power of his reason, or 
rather his instinct, forms in every possible manner, and under 
every disguise, the same great alimentary compound. This, 
after all his cooking and art, how much soever he may be in- 
clined to disbelieve it, is the sole object of his labour, and the 
more nearly his results approach to this, the more nearly they 
approach perfection. Thus, from the earliest times, instinct 
has taught him to add oil or butter to farinaceous substances, 
such as bread, and which are naturally defective in this prin- 
ciple. The same instinct has taught him to fatten animals, 
with the view of procuring the oleaginous in conjunction with 
the albuminous principle, which compound he finally consumes, 
for. the most part in conjunction with saccharine matter, in the 
form gf bread or vegetables. Even in the utmost refinements 
of his luxury and in his choicest delicacies, the same great 
principle is atténded to, and his sugar and flour, his eggs and 
butter, in all their various forms and combinations, are nothing 
more nor less than disguised imitations of the great alimentary 
prototype, midk, as presented to him by nature.” .... 1, 

The following remarkable experiments by M. Magesdie, 
to support the views contained in the preceding axtsy 

A dog fed upon white sugar and water exclusiiialy 
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for severi-or eight days to thrive upon this susttinance. He was 
lively, and-.ate and drank with avidity. Towards the second | 
week, however, he began to lose flesh, though his appetite 
contizmed good. In the third week he lost his liveliness and 
appetite ; $ and an ulcer formed on the middle of each cornea, 
which perforated it, and the humours of the eye escaped: the 
etsimal became more and more feeble, and died the thirty-second 
day of the experiment. Results nearly similar ensued with 
dogs fed upon olive oil and distilled water; but no ulceration 
of the cornea took place,—and in dogs fed with gum, and with 
butter. 

A dog fed with white bread made from pure wheat and with 
water died at the expiration of fifty days. Another fed exclu- 
sively on military biscuit, suffered no alteration in its health. 

Rabbits or Guinea pigs fed upon one substance only, as 
corn, hay, barley, carrots, cabbage, &c., die with all the marks 
of inanition, generally in the first fortnight, and sometimes 
seoner. 

An ass fed upon boiled rice died in fifteen days, having 
latterly refused its nourishment. A cock lived for many months 
upon this substance, and preserved its health. 

Dogs fed exclusively with cheese, or with hard eggs, are 
found to live for a considerable period, but become feeble, 
meagre, and lose their hair. 

The substance from which rabbits and Guinea pigs can de- 
rive nutriment for the longest period appears to be muscular 
flesh. 

When a certain degree of emaciation has been produced by 
feeding an animal for some time upon one substance, as for 
instance upon white bread during forty days, the animal has 
appetite left to eat with avidity different kinds of food, but the 

change in diet comes too late; the animal does not regain its 
strength; it continues to waste, and dies about the same time 
at which #s- death would have happened had the exclusive diet 
been continueds 

Or we know empirically respecting our food: that to be 
nutritious, it toust be mixed and varied; that when we are in 
health, the flesh of adult animals simply ‘roasted, or broiled, is 
the most wholdsome and nourishing elemént in our meals; that 
condiments aid fermented drinks ate’ ix motteration salutary, 
4 ates ii this stomach ; that the quantity of liquid | at a 
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meal within certain limits is indifferent and a matter of habit; 
that it is dangerous suddenly to deviate to any great extent 
from our established habits in diet; that two or at most three 
meals are all that the stomach of an adult can well digest in 
the twenty-four hours. 

In sickness every thing is changed. In illness, light food, 
such as broths and gruel, which would produce disorder and 
acidity in a strong stomach, often become an essential condition 
of recovery: just as absolute rest restores a broken bone, which 
in health it would have weakened. 


CHAPTER VI. 


OF THE LACTEAL AND LYMPHATIC VESSELS. 


WE have next to follow the route of the chyle from the small 
intestines into the venous system. 

In the year 1622 Aselli accidentally observed upon tbe 
mesentery of a dog a number of white lines extending from the 
bowel towards the liver: on puncturing them a milk-like fluid 
escaped, and left them transparent vessels. They were termed 
lacteals, and were justly supposed by their discoverer to absorb 
the chyle and to convey it into the blood. Successive in- 
quiries have shown not merely the origin and termination of 
these vessels, but that they form part of a system as minutely 
distributed through the frame as the blood-vessels, and theo- 
retically termed the absorbent system. 

At the angle formed by the meeting of the subclavian with 
the internal jugular vein upon either side of the neck, two or 
more of these pellucid vessels open, so as to pour their con- 
tents into the current of blood passing towards the nght 
auricle. These are the main trunks of the absorbent system, 
which ramifies from the veins of the neck and of the trunk to 
every region and organ of the body. 

The thoracic duct, the largest absorbent vessel in the body, 
is about three lines in diameter when distended, has a thin but 
strong texture, and appears when collapsed semi-transparent 
and of a reddish grey colour. The thoracic duct of a.horse, 
inverted upon the thickest rod it will admit, is shown by the 
rupture which takes place of its lining membrane to consist 
of a serous inner tunic and an outer fibrous one. It is pre-~ 
sumed that 4 similar distinction of parts exists in human 
absorbents *, 

Each absorbent vessel contains many valves, consisting .of 


* Cruikshank, Anatomy of the Absorbing Vessels, pds <5, 
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pairs of semilunar folds of membrane attached by their convex 
edges, as in the veins, and capable of being thrown down by 
the reflux of its contents, so as to prevent their passage in a 
retrograde direction towards the extreme parts, Upon the fleshy 
viscera the resistance of the valves may be overcome by con- 
tinued pressure, so that mercury will pass from a trunk into 
the branches, which are there found to be distributed arbores- 
cently, with a minuteness so surprising, that the surface of the 
viscus is entirely covered with a reticular sheet of quick- 
silver. These vessels anastomose with other vessels distributed 
thgough the substance of the organ. 

In the limbs the absorbent trunks are distributed in two 
sets; one that accompanies the arteries, another which accom- 
panies the subcutaneous veins: to each artery from three to 
seven absorbent vessels are attached; with the subcutaneous 
veins from thirty to fifty are associated, which are spread over 
the most protected surfaces of the limbs. 

At particular parts of the body small flattened bodies circular 
or oval, from three to ten lines in diameter, are found con- 
nected with absorbent vessels. These bodies are termed con- 
globate or absorbent glands. They are very vascular, and 
have filaments of nerves distributed to them: each appears to 
consist of a soft fleshy porous substance contained in a mem- 
branous capsule: the central part is whiter and firmer than the 
rest. Generally many absorbent vessels, termed vasa inferentia, 
enter a conglobate gland upon the side remote from the heart, 
and a smaller number, termed vasa efferentia, leave it upon the 
near side. 

Mercury injected into the vasa inferentia is seen to fill a 
series of cells in the corresponding absorbent gland; it then 
escapes by means of the vasa efferentia. After an injection 
with wax, the whole substance of the gland appears to consist 
of conyoluted absorbents irregularly dilated, and which reci- 
procally communicate. 

The situation of the absorbent glands and their er 
with the different sets of absorbent vessels is as follows : 

Two or three small absorbent glands are found at the inner, 
ancle, four or five in the ham, eight or ten at the groin, To 
the subcutaneous glands at the groin absorbents tend. from. the 
Jeg and thigh, from the enters the abdominal | papiates, the 
nates, and the loins, . oo debe : 
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A chame of absorbent glards and a plexts of abserbent ver- 
eels astende-qround: the iliac arteries to the aorta, continually. 
receiving: ‘trunks derived from the neighbouring parts. Oppo- 

ite the second lumbar vertebra the abserbents of the mesen- 
tesyjfiaving passed through a cluster of glands, collect into 
‘entipealsac termed the receptaculam chyli: the trank continued 
roux? the receptaculum chyli and. from the absorbents of the 
lewer. extremities ig termed: the thoracic duct: it ascends 
between the aorta and right crus of the diaphragm into ‘the 
posterior mediastinal cavity, which it obliquely traverses from 
right to left in its course upon the vertebra to the neck: having 
perforated the fascia cervicalis profunda, the thoracic duct 
ascends behind the subclavian artery of the left side, and then 
arches downwards to open into the angle at which the sub- 
clavian vein joins the internal jugular. In this course the 
thoracic duct is joined by absorbents from the viscera and 
neighbouring parts. Absorbent glands accompany these vessels; 
they are particularly numerous around the bronchi, where in 
adults they are of a black colour. 

' ‘Two or three absorbent glands are found at the bend of the 
‘elbow joint, and clusters of them surround the axillary, sub- 
elavian, and carotid arteries. The absorbent vessels of the left 
side of the head and of the left upper extremity mostly join the 
thoracic duct, but in part open by two or three separate orifices 
inte the subclavian vein. The corresponding absorbent vessels 
of the right side open by three or four trunks into the angle at 
the right subclavian vein and internal jugular: these are some- 
times joined by a large branch given off from the thoracic duct 
inthe chest. In the only specimen, in which I have injected 
this variety, the right branch passed through an absorbent gland. 

During the completion of digestion in the small intestines, 
the absorbent vessels of the mesentery, the receptaculum chylhi, 
and the thoracic duct, are found full of chyle: at other times 
these vessels contain more or less of a transparent fluid termed 
lymph; whicti forms the habitual contents Es the remaining 
larger part‘of ‘the system. 

The absorbent: vessels of the smell intestines: and of the 
mesentery ate termed oe those 7 in: ony =“ pan of me 
— Lymphetacs. 

. Till within: these few yeant, it was thy bormnonly rebeivad. 
‘opinion among anatomists, that the vias a andeabsorbents com- 
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municated at the points alone which have been already men- 
tioned. To several, indeed, it had happened, when injecting 
absorbent, to find the mercury run into veins elsewhere; but 
the circumstance had been considered either as a deviation 
from ordinary structure, or as the result of some error in the 
process of injecting. Aselli likewise, the original discoverer of 
the absorbent system, was persuaded that the lacteals termi- 
nated in the vena porte of the liver: but afterwards, when the 
direct communication of these vessels with the thoracic duct 
through the receptaculum chyli had been demonstrated, the 
supposition of Aselli was considered to be erroneous, and was 
abandoned. Recently, however, the observations of Fohman 
have shown that it was partially correct, and that many of the 
lacteal vessels open into branches of the visceral veins. 

The researches of Lippi* go to prove connections between 
the venous and absorbent system, yet more numerous and 
general. He has shown that the absorbent vessels in the 
abdomen open freely into the iliac, the spermatic, the emul- 
gent, the lumbar veins, and the vena cava, as well as into the 
branches of the portal system: that they communicate both by 
plunging into the great venous trunks, and by opening into 
the small veins that issue from the conglobate glands, and by 
direct continuity with the capillary veins; and, finally, that 
several absorbent trunks in the belly terminate directly in the 
pelvis of the kidney ;—a fact, which curiously confirms the 
supposition of Sir Everard Home, that there exists a short 
route from the stomach to the urinary organs. 

Lippi is of opinion, that no communications between the 
absorbents and the veins take place in the limbs. He observes, 
‘“‘ ho poi imprese le injezione pid volte dalle estremita inferiori 
per osservare se mi riusciva riscontrare qualche communicazione 
di linfatici colle vene degli articoli; ma giammai non sono in 
questo riuscito.” For my own part, I think it not unlikely that 
such communications do exist. At all events, I have sometimes 
seen the mercuty thrown into absorbents of the limbs un- 
accountably make its way into the veins. 

Mascagni remarked, that on successfully injecting the arte~ 
ries of a part with size and vermilion, the lymphatics became 

* Ilustrazioni fisiologiche e patologiche del sistema linfativo-chilifero, 
del professore Regolo Lippi. Firenze, 1825. ; 
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filled with strained size. On injecting the arteries of the 
mesentery of a dog with ink, I observed the veins next to 
become filled with a black fluid, and then the lacteals; and I 
have:tertainly seen, in one instance, absorbents of the liver 
filled with coloured injection from the hepatic artery. 

' Ghyle extracted from the thoracic duct of a dog or cat killed 
while digesting and opened immediately after death, varies in 
appearance as the food has or has not contained oil or fat: in 
the former case its colour is milk-white, in the latter it is nearly 
transparent. Coloured substances mixed with the food are 
rarely found to impart the least tinge of colour to the chyle. 

Chyle is rather heavier than distilled water: it is of a 
salt taste, and sensibly alkaline. Soon after being drawn it 
coagulates, and afterward separates into three parts; one solid, 
which rests at the bottom of the vessel; another liquid; and a 
third substance forming a thin layer on the surface of the latter, 
and less observable in the semi-transparent than in the opaque 
chyle. At the same time the chyle assumes a reddish tint. 
The solid substance appears to resemble fibrin; the liquid, 
serum; the third element is of an oily nature. The chyle 
contains minute globules of various sizes, but the largest are 
smaller than the particles of the blood. 

Chyle formed from the digestion of sugar contains but little 
fibrin. Dr. Marcet found that chyle derived from vegetable 
matter contains three times as much carbon as that from 
animal matter. 

Lymph extracted from the thoracic duct of an animal killed 
after fasting for three or four days is a fluid nearly transparent, 
slightly opaline, and tinged with red, but sometimes of a yellow 
tint: of a saline taste: of the specific gravity compared with 
water of 1022.28 to 1000. From a large dog it may be col- 
lected in the quantity of an ounce and a half, 

Lymph spontaneously coagulates, and then appears com- 

of a fibrous clot, in the irregular cells of which a fluid is 
contained, which on compression again coagtilates. The red 
tint of the lymph is deepened on its coagulation. If the clot 
be exposed to oxygen it becomes scarlet; if to carbonic acid, 
purple. Lymph contains globules resembling, but less in size 
than, those of the blood. According te M. Chevreuil, the 
composition of lymph is the following tm. 4¢;, a 
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WGC iscakacicciei isi eeeiiaees desseeace sive, Sp es veaeeanen 926.4 
PIDEit i 2ccidstsscceetes di gicauidlutnue tam ecanueeuse tance anuan 4.2 
PAOD cs cocorcde neces Swecnie enw eeos Caveeutecdnueaiaeees 61.0 
Murriate Of 80a .........s00 cscsessscecssccevnseesenseoenns 6.1 
Carbonate Of 8008 ...... ceccessssensscerccesccccees seenes 1.8 
Phosphate of lime.........cccccesescevereserevseevece os 
Phosphate of magnesia ... ..cccecscscsccreceenees vove } 5 
Carbonate of lime.......ssessosscscrsvesevccsceesevacecs 

1000.0 


Prolonged fasting is found to give the lymph of animals a 
red colour, nearly approaching that of the blood. 

The following are the results of the reseaggpes of Tiedemann 
and Gmelin on the nature of the chyle. “We firmness of the 
coagulum of chyle seems to depend chiefly on the quantity of 
fibrin. Chyle hardly coagulates at all before it has passed 
through the mesenteric glands. After passing through them, 
the fibrin begins to appear, and it is much more abundant after 
the addition of the lymph from the spleen, which contains a 
very large quantity of fibrin. The quantity is considerably 
lessened in the chyle of digestion: # is increased in the chyle 
formed after the ligature of the ductus choledochus. It abounds 
in the lymph from the lower extremities. In like manner the 
chyle before passing the mesenteric glands contains no red 
particles: but it does immediately afterwards, and more par- 
ticularly after it 1s mixed with the lymph from the spleen, 
which abounds with them as with fibrin. These particles’ are 
also, like the fibrin, very much diminished in the chyle of 
digestion, and that proportionally to the nutritiveness and digesti- 
bility of the food. They are increased by tying the choledochus 
duct. They abound in the lymph of the lower extremities. 
The chyle frequently contains fatty matter,—very little or 
none, however, if the animal is fasting, or has fed on food 
which goes not contain fat,—and most, when the food is very 
fatty, when, for example, butter is mixed with it. The fatty 
matter is not disSolved, but exists merely in a state of minute 
division and suspension, giving to the chyle its peculiar white 
colour; for the colour is removed, and the chyle rendered 
limpid by ether, which carries away the fatty particles, There’ 
is no fatty matter in the lymph of the lower extremities; it is 
much less abundant in the thoracic duct than in the chyle 
before it passes through the mesenteric glands, and it hardly 
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exists in the chyle at all when the ductus choledochus is tied. 
The serum of the chyle is very generally alkaline; in two 
instances only was it found neutral, namely in a dog fed on 
fibrin, and in a sheep fed on oats. Its solid contents differ in 
the chyle of fasting animals and in that of digestion. In the 
horse while fasting the solid part of the serum consists on an 
average of 76.2 per cent. of albumen, 6.7 animal matter soluble 
in water, and 16 animal matter soluble in alcohol; but after 
digestion, of 61 albumen, 3 animal matter soluble in water, 
34 animal matter soluble in alcohol, of which twenty parts 
were fat. Our authors were not able to decide whether the 
total amount of sglid matter in the serum is increased or dimi- 
nished during di 

The inference ieaen by Tiedemann and Gmelin from the 
foregoing facts is, that the fibrin, colouring particles, and 
albumen of the chyle, are supplied either not at all by the 
intestinal lacteals, or at least in much less quantity than by 
the lymph, which is formed by the blood; and that the food 
supplies chiefly fatty matter, and other principles soluble in 
alcohol, particularly osmazome. Before they are entitled, 
however, to form these conclusions unreservedly, it is necessary 
to establish a preliminary condition, which they have entirely 
neglected, namely, that the flow of the lymph increases along 
with the flow of the intestinal chyle during digestion ; for if it 
does not, then the proportional deficiency of albumen and 
fibrin in the chyle of digestion, when compared with the lymph, 
is no proof whatever that the former does not supply even more 
of these principles than the latter to the blood. The inferior 
proportion may be more than compensated by the great increase 
in the whole quantity *. 

We may next inquire what facts have been ascertained respect- 
ing the commencements of the absorbent vessels. Our knowledge 
in this instance is of the dubious character which belongs to 
microscopical evidence, and applies but to the smallest part of 
the absorbent Bystem : yet it is difficult to distrust the exact- 
ness of Cruickshank and William Hunter, and what can be 
demonstrated of a part, we may infer eentogicany to be true of 
the whole. 

“A woman,” says Mr. Cruickshank, “ died in consequence 


* Edinburch Medical Journal; 1c. 
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of convulsions after lying-in, about five in the morning. She 
had been in perfect health the preceding evening, and ate 
heartily at supper. The lacteals (upon the mesentery) were 
distended with chyle, which here formed ® firm coagulum. 
Many of the villi were so full of chyle that I saw nothing of 
the ramifications of the arteries or veins; the whole appeared 
as one white vesicle, without any red lines, pores, or orifices 
whatever. Others of the villi contained chyle, but if small 
proportion ; and the ramifications of the veins were numerous, 
and prevailed by their redness over the whiteness of the villi. 
In gome hundred villi I saw the trunk of a lacteal forming or 
beginning by radiated branches. The orifices of these radii 
were very distinct on the surface of the villus, as well as the 
radii themselves, seen through the external surface, passing 
into the trunk of the lacteal: they were full of a white fluid. 
There was but one of these trunks in each villus. The orifices 
on the villi of the jejunum, as Dr. Hunter himself said (when 
I asked him as he viewed them in the microscope, how many 
he thought there might be), were about fifteen or twenty on 
each villus; and in some I saw them still more numerous *.” 

Thus it appears that the lacteal system originates by nu- 
merous capillary orifices upon the villi of the small intestines ; 
and it is natural to presume that the absorption of chyle com- 
mences upon purely physical principles. Accordingly, if the 
mesentery is exposed immediately after the death of an animal 
killed during digestion, and the contents of a lacteal are pressed 
forwards towards the thoracic duct, and a ligature is tied upon 
the empty vessel, the lacteal is found to become filled again 
with chyle by the continuance of intestinal absorption. The 
valves in the larger lacteal vessels are exceedingly numerous. 
It is reasonable to believe them at least equally numerous in the 
minute branches in which the system originates. Let us sup- 
pose that through capillary attraction, the fluid with which i¢ 
is bathed would ascend in the capillary orifice of a lacteal ;.»if 
it should rise beyond a single pair of valves, the contractile 
power of the vessel would be sufficient to account for its furthes 
progress and final transthission to the veins. 

But this simple explanation of the mechanism of lacteal 
absorption requires to be somewhat modified. Of the aume. 


* Cruickshank, Anatomy of the Absorbing Vessels, p. & 
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rous liquid substances which reach the small intestine, chyle 
only is absorbed by the lacteals. 

The experiments of Hunter went indeed to prove the reverse. 
‘When a solution of starch and indigo, or milk and water, was 
injected by Mr. Hunter into the small intestines of sheep and 
asses, a blueish or whitish liquid appeared to be contained in 
the lacteals. But there is reason to believe that these obser- 
vations were not made with sufficient exactness. They have 
been repeated by M. Flandrin, and various physiologists of the 
present day; and no substance, thrown into the bowel, distin- 
guishable by its odour, colour, or poisonous effects, could, be 
proved to enter the lacteals. When Mr. Hunter saw a white 
fluid rise in the lacteals after pouring milk into the bowel, we 
must therefore suppose that some chyle remained in the small 
intestine at the commencement of the experiment. Where the 
blue liquid was used, the deception probably resulted from the 
following circumstance. When the lacteals upon the mesentery 
are empty, and are seen against a dusky medium, they have 
the appearance of blue lines. I observed this circumstance 
when repeating the Hunterian experiment upon different ani- 
mals. The lacteals, which when a solution of starch and indigo 
was first placed in the cavity of the bowel were full of chyle, 
on being examined half an hour afterwards appeared of a clear 
blue colour, and those present were for a short time satisfied 
that the indigo had been absorbed: but upon placing a sheet 
of white paper behind the mesentery, | found that the blue 
tinge disappeared,—the vessels were simply empty. On remov- 
ing the white paper, they reassumed their blue colour. 

Thus the repetition of the Hunterian experiment has esta- 
blished a different conclusion to that which its author drew 
from it, and goes to prove the function of the lacteals to be 
limited to the absorption of chyle. We are at liberty to con- 
jecture that the orifices of the lacteals have a mode of organic 
sensibility, which leads them to close on the contact of every 
other substance. The veins of the mesentery are sometimes 
found to contain a white fluid, which seems to be chyle: this 
phenomenon is to be accounted for by the communications 
between the lacteals and the veins, hier Fohman and Lippi 
have demonstrated. 

If the thoracic duct at a proper interyal after a ‘meal be 
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vein, upon opening the duct chyle escapes with great rapidity. 
Its velocity is observed to be increased every time that the 
animal contracts the abdominal muscles, or when the abdomen 
is compressed by the hand, and to bear a proportion to the 
quantity of chyme undergoing decomposition in the small 
intestine. During the first five minutes after opening the 
thoracic duct in a middle-sized dog, half an ounce of liquid 
escaped ; subsequently the flow of chyle was much slower *. 

The use of the conglobate glands is unknown, but they are 
observed to be disproportionately large, and to contain more 
flujd, in early life than afterwards. 

Of the lymphatic system, beyond the anatomical distribution 
of its branches, nothing is known with certainty. But we are 
at liberty to conjecture upon analogy, that lymphatics begin 
upon the mucous surface of the stomach and great intestines, 
and that they take up a liquid analogous to the chyle elabo- 
rated in those parts from the residue of the food. When indeed 
a dog is forced to drink diluted alcohol during digestion, the 
blood has the odour of alcohol, the chyle has not. The blood 
in the veins of the small and great intestines of the horse is 
found to have the odour of their contents, which the chyle 
wholly wants. But on the other hand, MM. Leuret and Las- 
saigne assert, that chyle is taken up from the stomach, and may 
be found in the lymphatic vessels of that viscus, if an animal 
be examined soon after digestion has begun. 

And we may further conjecture with the Hunters, from the 
universality of their distribution, and their fabric everywhere 
similar to that of the lacteals, that lymphatics commence at 
every part of the body; and that their office is to take up and 
carry back to the blood those elements of the body which dis- 
appear, either to make place for newly secreted matter, ot with- 
out substitution. This conjecture, at any rate, is the most 
rationa] which has been proposed as to the use of the lymphatic 
system, and is remarkably borne out by various circumstances 
noticed in disease, of which I shall’content myself with citing 
the most conclusive. | | , 

Whenever the flesh becomes impregnated with or imbibes an 
acrid substance, as for instance the venereal virus, and’ wlcera- 
tion follows, the lymphatic system alone suffers sympathetic 
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irritation. The lymphatic vessels in such cases become tender 
and hardened, or their inflamed state shows itself by red lines 
upon the skin, or the lymphatic glands mflame, and matter 
forms around them. But if, during the absorption of a part 
laden or impregnated with acrid or poisonous juices, one par- 
ticular set of vessels exclusively becomes irritated, can we 
doubt that those vessels are the channels of the absorption then 
going on? 

It must after all be admitted that we are very far from pos- 
sessing a perfect theory of this function. Nevertheless, in the 
facts which have been adduced in the present and a preceding 
chapter, there appears to be sufficient evidence to establish the 
three following propositions. 

1. When poisonous substances are applied to an internal and 
vascular membranous surface, or are introduced into a wound, 
or by friction upon the surface of the body are forced through 
the epidermis, so as to enter into and affect the system, they 
find their way directly into the blood, through the coats of the 
blood-vessels *. 

2. The chyle formed during the digestion of the food is 
taken up from the mucous surface of the intestines by the 
lacteals. 

3. When the molecular structure of the body is absorbed, 
either in the ordinary growth and renovation of the frame, or 
in the removal of parts which are not at the same time replaced, 


as happens in ulceration, the lymphatics are the agents em- 
ployed. 


* Let me refer the reader to the conclusive experiment by M. Ségalas, 
mentioned already in connection with the subject of venous absorption. 


CHAPTER VII. 


OF THE URINARY ORGANS. 


Tue function of the urinary organs serves, perhaps, better than 
any other to illustrate a position assumed by physiologists,—that 
certain principles constantly accumulating in the blood during 
nutrition require to be as constantly in process of separation 
from it, in order that it may retain its salutary qualities. In 
other instances where excretion manifestly takes place, as upon 
the skin, from the lungs, or from the mucous membrane and 
glands of the bowels, it may remain a question whether a 
second object of equal or greater importance be not contem- 
plated: but in the present instance the exclusive use of a 
very elaborate contrivance appears to consist in getting rid of 
a superfluous element. As nitrogen exists in a large propor- 
tion in the characteristic ingredient of urine, the kidneys are 
supposed to be the vent at which the excess of this principle is 
discharged. 

The kidneys are placed at the sides of the lumbar vertebra, 
before the psow and quadrati lumborum, and imbedded in fat. 
The average weight of the kidney of the adult is four ounces ; 
but there is a considerable variety in this respe¢t, as well as in 
other circumstances. . Sometimes there is but one kidney, 
which then is of twice the common size. Sometimes both 
kidneys are situated on the same side. Sometimes the two, 
being in their natural situation, are united by an isthmus, which 
stretches across the aorta. . 

The kidney is a conglomerate gland, and in the foetus, and 
occasionally in “the adult, is marked by furrows upon ita sur- 
face which show its internal division into separate lobes. The 
kidney is covered by peritoneum on the fore part only, its 
proper tunic is considerably thicker ‘than that of the-liver or 
spleen. Its artery,.termed the renal or emulgent, is, rglatively 
to the size of the gland, the largest in the body: it readily 
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tubes. The renal nerves are derived from the semilunar 
ganglia or solar plexus ; several small ganglia are formed upon 
them: when the renal nerves are divided in a dog, the animal 
expresses pain. 

By making a section from the external convex edge of the 
kidney through to the internal concave edge, the different 
substances of which the gland is composed are displayed. 
The outer or cortical part is of a granulated texture, but seems 
after a successful injection to consist of tortuous vessels alone ; 
processes of the same substance extend towards the concavity 
of the kidney, between which are contained cones of what seem 
white convergent fibres. The rounded apices of these cones 
project towards the notch of the kidney; they are termed 
mammillary processes: their surface is perforated with small 
apertures, through which the urine may be seen to exude in 
living animals, and the white fibres are excretory tubes, which 
have their origin in the cortical substance; the mode of their 
connection with the blood-vessels has not been ascertained. 
While immersed in the cortical part, that is to say near their 
origin, the excretory tubes are highly tortuous: in the white 
cones their course is straight. 

Each mammillary process is 
inclosed in a loose conical sac 
termed an infundibulum: each 
infundibulum opens into a com- 
mon chaunel, of which there are 
generally two; one leading from 
the upper, the other from the 
lower part of the kidney: these 
two channels unite to form a 
capacious conical sac termed the 
pelvis of the kidney, which gra- 
dually narrows, and is conti- 
nuous with a tube termed the 
ureter, which is cylindrical, 
- being from three to four lines in 
diameter when inflated, and 
leads to the bladder. The in- 
fundibulum, pelvis, and ureter, are lined with a fine mucous 
membrane: their texture is white, fibrous, and of great 
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The diagram on the opposite page is intended to give a 
clear idea of the complicated excretory apparatus of the kidney. 
A represents a portion of the ureter, which traced upwards 
expands into B, the pelvis, which is figured as if laid open. 
The pelvis is seen to divide into two canals, from which the 
conical infundibula, C, open upon the mammillary processes. 

The bladder is oviform, the great end looks towards the 
sacrum and lower opening of the pelvis, and rests upon the 
levator ani; the narrow end or fundus looks forwards and 
upwards; the anterior and inferior surface rests upon the 
pybes; the posterior and upper surface is covered by peri- 
toneum, dnd the bowels rest upon it. Ligamentous bands, 
which are the degenerated urachus and hypogastric arteries of 
the foetus, attach the sides and fundus of the bladder to the 
navel. The opening of the bladder into the urethra is at its 
most dependent part, that is to say, at the lowest part of the 
greatest breadth of the bladder; the part at which the urethra 
commences is termed the neck of the bladder; a ligament 
attaches it to the pubes. 

The bladder consists internally of a mucous and submucous 
coat continuous with those of the ureter; externally of muscular 
fibres, termed the detrusor urinse, the inner layer of which is 
for the most part disposed reticularly ; the fibres of the outer 
layer extend longitudinally from the neck of the bladder to the 
fundus. The nerves of the bladder are derived from the hypo- 
gastric plexus. 

The canal of the male urethra, after passing through the 
prostate gland, from thence forwards to the ligament of Camper 
ig surrounded by a plexus of vessels, and braced to the arch of 
the pubes by the compréssor urethree of Wilson : the glands of 
Cowper are placed on either side of the urethra at this part, 
which is termed the membranous part, and is nearly an inch in 
length, Beyond the ligament of Camper and from thence to 
the orifice of the penis, the male urethra is contained in the 
corpus spongiosum. 

The mucous membrane of the urethra does not appear to be 
an irritable substance; but it is not improbable that the tissue 
which surrounds it is capable of contracting, in the same 
manner and on the same principle as the skin. The canal of 
the urethra is most. capacious at the commencement of the 
spongy body, where it is termed the bulb, and is two parts 
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surrounded for the length of three or four inches by the fibres 
of the ejeculator seminis, which are capable of compressing 
and expelling the gontents of the bulb. 

The female urethra is short and nearly straight;* has no 
glandular bodies attached to it, but is supported by a com- 
pressor urethra: it is very dilatable. 

The urine during health continually varies in quantity 
and in composition; during cold weather, or when a large 
quantity of liquid has been received into the stomach, the 
urine is increased in quantity, and is nearly colourless; during 
warm weather, when the cutaneous transpiration is greater, less 
urine is secreted : it is then high coloured, and contains a less 
proportion of water. Various kinds of food increase the flow 
of urine, or modify the nature of its constituent parts. The 
average quantity secreted daily amounts to about four pints. 

According to Berzelius, the following is the composition of 
urine :— 


WAGE esssstenscsscendvcteiicncecendsecss oeubavoesseaees ésdncavedese »» 933.00 
Urea....... Mextateciemeaueueseseuss errr yuavaneetuesiee Weeseaceeene 30.10 
_ Sulphate of potash............ wanusaeapaaeeacun seusacetacanes saalans 371 
Sulphate of s0da...........csssssccssssoeeeces adustdosasisesscecnenes 3.16 
Phosphate of 80d8.......scsesscerecere Jed csavsesucenstueenses ae wee 2.94 
Muriate of s0da .......scevsrsccees seeGasteuss Seteusdesaves sceoeandies 4.45 
Phosphate of ammonia... ....... zaedoaesevaeaceussnauanvevacees 1.65 
Muriate of ammonia ........ edbeweueten ease ae Suae waseleededdsswene 1.50 

Free lactic acid .........cc0cc08 aes avesageweties saunas 
Lactate of AMMONIA........6. — ssecessecscscsccecencees : ae 17.14 

Animal matter soluble in alcohol .............secseseees 

Urea uot separable from the preceding .............+ 
Earthy phosphates with a trace of fluate of lime ............ 1.00 
EACHIG GOW ssc sasis: aascasaasestesestssnades Avasieniecesceedens: e504s 0.32 
NOR os Sivccccvececueasencsas cengeuweveteGlesvscveaccwoseustentisuecs wee 0.08 
. : 1000.00 


' The ultimate elements of urea, according “ Dr. Prout, are 
the following : 


Nitrogem siveseecee secvercccvecevees os ssiewsisa tna viewe 4.66 
Carbo tin iscisisessicstsscesnccees seeascueesceas stcvessecee oe 19.99 
Hydrogems corece sesscvrcceoees busdidesvasdeticiedsecsessavics.. “0:66 
AJEY RON ..rrccsrecssccccevsccsassen » cess contee sevseeseeaes 26.66 
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‘Urine continually exuding into the infundibula of the kid- 
ney, urges forward that previously secreted, into the bladder. 
The ureters open obliquely into the bladder, so that the pres- 
sure of the urihe accumulating in that viscus, tends to close their 
vesical termination, and acts as a valve preventing reflux 
towards the kidneys. 

Sir C. Bell has plausibly remarked that the strong muscular 
fasciculi between the fibres of which the ureters enter the 
bladder, must contribute during the expulsion of the urine to 
preserve the valvular obliquity of the entrance by their dis- 
prpportionate action. : 

When # certain quantity of urine is contained in the bladder, 
a peculiar sensation arises; with a desire to void it. By a 
voluntary effort the levator ani, the abdominal muscles, and 
the diaphragm contract; and in a few seconds the bladder 
acts, and the urine flows. There appears to be no necessity 
for supposing the bladder to be directly influenced by the will. 
The conscious effort during the expulsion of the urine is not 
referred to the bladder itself, but to the muscles of the pelvis 
and abdomen. The fibres of the bladder resemble those of the 
alimentary canal; when they are pinched immediately after 
death, a slow contraction of the bladder is observed to begin, 
which continues for several seconds. When the bladder is laid 
open by an incision, the contraction which follows the escape 
of its contents takes place very gradually. I remarked the 
following remarkable difference between the habitudes of the 
detrusor urinee when cut through, and the muscular coat of the 
intestine. When the latter with the other coats is partially 
divided, it retracts in such a manner as to produce a gaping 
wound of the intestine with everted mucous lips. This 
Mr. Travers pointed out. But when in a living animal, or one 
but just dead, the bladder is cut into, the lips of the wound 
fall flagcidly together, and there is no eversion produced. 

The compressor urethres we may suppose to act as the 
sphincter muscle of the bladder : or that function may be per- 
formed by the circular fibres, which sometimes appear very 
distinct, surrounding the orifice of the bladder within the 
prostate, and vanishing insensibly into its structure. : 

One ‘of the most remarkable phenomena in the secretion of 
urme, is the facility with which substances taken into the 
stomach find their way to the bladder. Sir Everard Home 
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observed, that rhubarb could be detected in the urine in seven- 
teen minutes after it had been swallowed. The dose consisted 
of half an ounce of tincture of rhubarb diluted with an ounce 
and a half of water, and was taken immediately before a break- 
fast consisting of tea. The test employed was a solution of 
caustic potash. Upon an examination of animals to which 
thaubarb had been given in successive doses for several hours 
before death, the urine was found deeply tinged, and the serum 
of the blood in the splenic vein, in the inferior cava, and in the 
right auricle of the heart, showed evidence of containing 
rhubarb*. At this time Sir Everard Home was led to believe 
that the spleen and the lymphatic system were\the route 
through which the rhubarb in the instance cited passed into 
the blood. But upon renewing these researches at a subse- 
quent period he found, that after removing the spleen and 
tying the thoracic duct, rhubarb injected into the stomach 
may be still detected in the urine and in the bile, the con- 
tents of the lacteals showing at the same time no trace of 
rhubarb +. 

The facts which have been mentioned contain, it is ob- 
vious, the rudiments of the discovery of the imbibition exer- 
cised by the blood-vessels. What appears to have thrown 
into shade the true explanation of the phenomena described, 
is the difficulty of detecting the element in the blood, during 
its transit from the stomach into the urine. This anomaly is 
elucidated in the following observations by M. Magendie. 

If a small quantity of prussiate of potash is injected into the 
veins of a living animal, or is absorbed from a mucous or serous 
surface, it is quickly and readily distinguishable in the urine, 
but it cannot be detected in the blood. If, however, the expe- 
riment is made with a larger quantity, the presence of prussiate 
of potash in the blood becomes evident. The same difference 
M. Magendie observed to exist in the facility of detecting 
prussiate of potash when mixed with urine and with blood out 
of the body. In the former case the smallest quantity is 
discoverable by chemical tests, the action of which is by some 
means obscured in the latter. 

The effect of the excision of the kidneys hes been already 
alluded to. MM. Prévost and Dumas found, that little effect 


* Phil, Trans. vol. xcviii, p. 51. 
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is produced upon the health of a cat or dog by the removal of 
a single kidney; but that within three days after the removal of 
the second, copious liquid brown evacuations take place, with 
vomiting of the same matter, rapid small pulse, great constitu- 
tional irritation, and laboured breathing: the animal dies be- 
tween the fifth and ninth day. MM. Prévost and Dumas 
calculate that a healthy dog habitually produces about a drachm 
of urea in twenty-four hours. After the preceding operations 
had been performed, five ounces of blood were found to contain 
a scruple of urea*, 

M. Magendie observed, that after the removal of the kid- 
neys, thefecretion of bile is extraordinarily increased, so that 
the stomach and intestines are found to contain bile in large 
quantities. 

M. Segalas found that the introdugtion of urea into the blood 
of animals operates as a diuretic. 


* Anderson’s Quarterly Journal, vol. i, p. 294. 


CHAPTER VIII. 


OF THE SKIN. , & ; 


Tue offices of the skin are so various, that it is difficult to 
assign to this organ its proper place in a physiological treatise. 
I have placed it next to¢he kidney from the relation which 
one of its functions bears to the function of -that part. 

The functions of the skin are quintuple. In the first place, 
the skin is intended to be of such a quality as to bear without 
injury common pressure or friction ; to be sufficiently pliant and 
flexible to allow of the free motion of the joints and play of 
the muscles, yet to be so elastic as to make considerable 
‘pressure upon and to give support to the soft textures which 
it covers. In the second place, the skin is to be a means 
of chemically isolating the body from the influences which 
surround it; so that all that floats in the atmosphere or 
comes in contact with the body shall not be indiscriminately 
absorbed; and on the other hand that the atmosphere shall 
not abstract and carry away the moisture of the frame too 
rapidly : or the skin requires to have on its surface some ele- 
ment, which may act, as a layer of India rubber varnish 
would act, to prevent indiscriminate absorption or evaporation. 
But thirdly, there are cirgumstances under which cutaneous 
absorption is required to take place; the skin has therefore to 
be viewed as qualified under special circumstances to exercise 
this function. Fourthly, the skin pours out most important 
secretion, the production of which bears a definite relation to 
the temperature of the body, the range of which it is intended 
to keep down to the proper standard. Fifthly, the skin is ne 
organ of one of the special senses. 

The tough white fibrous tissue, of which the chorion or cutis 

‘wera is composed, is well adapted to answer the purposes 
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specified under the first head. The cuticle or epidermis with 
which the skin is overlaid answers the purposes of an isolating 
varnish (the facility with which it is reproduced making up 
for the loss which it must constantly sustain from abrasion 
and friction): the epidermal appendages, the nails and hair, 
contribute again to the first office specified, namely, the pro- 
tection of the inward parts of the frame. The mechanism of 
the secretion and absorption which take place in the skin -is 
not so satisfactorily explainable ; but the recent and elaborate 
account of the structure of the skin published by M. Breschet, 
seems to throw some light upon this subject, and to promise 
more. 

M. Breschet supposes the integument to be formed of two 
elements only ; the true skin, and the epidermis: the interven- 
ing layer, or rete mucosum, he considers to be the last secreted 
layer of epidermis, as yet imperfectly solidified. This view has 
always appeared to me the most rational that has been offered 
as to that peculiar substance. The transparent mucus, which 
is seen when the epidermis of an European is separated by de- 
composition, is without doubt the same substance with the dark 
mucous pigment, which is separated in the decomposing skin 
of the Negro. M. Breschet corrects a common error that the 
epidermis of the Negro is colourless : the thinner parts of the 
Negro epidermis are not so, but are tawny: the thickest parts, 
as at the soles of the feet and palms of the hands, indeed are 
colourless; at these parts there is less black pigment than 
elsewhere, the quantity of horny substance formed being much 
greater than the quantity of colouring matter secreted. The 
most original points, however, in M. Breschet’s paper, refer to 
orders of vessels, both in the chorion and epidermis, the exist+ 
ence of which was not before suspected. These are to be seen 
through the following mode of preparing and examining the 
skin. 

The plantar integument of the heel is the part best ¢ 
for the investigation. Having been injected, the skin is to. be: 
dried to a very slight degree, enough to give it a firmnem, 
which will allow of an extremely thin slice being cut from the: 
surface of a section: this layer laid on glass previously meistesmd 
with water is to be examined in a microscope. It must des 
fine as to be transparent. On examining such slices, the appear- 
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ances delineated in the adjoined 
figure, according to M. Breschet, 
may be seen. A represents the 
papille, which are conical, a little 
oblique, with apices slightly bent, 
vascular, and well supplied with 
nervous filaments. B isthe colouring 
organ; this name (organe chroma- 
togéne) M. Breschet gives to the 
surface between or surrounding the 
basis of the papille; he describes it as presenting a 

number of short excretory tubes ; its structure, aréola: ; spongy; 
resistant. I do not, I sonfens, see evidence enough in his 
statement for attributing to this surface the exclusive property 
of furnishing colouring matter to the unorganized integument. 
C is the organ for secreting the epidermis: this M. Breschet 
calls appareitl blennogéne, or mucus-secreting part, believing 
that the epidermis originally is formed asa mucus. The organ: 
supposed to have this office consists of a number of little 
reddish glands, which are situated near the inner surface of the 
, chorion, and give off excretory ducts, which open in the furrows 
" on the surface of the true skin. M. Breschet concludes, but 
the conjecture seems to me unsupported by proof, that the 
primitive mucus out of which the epidermis is to harden is 
poured out from these sources, being subsequently mixed with 
colouring matter derived from the organ last described. JD re- 
presents the sudoriferous canals, which are distinguishable by 
their tortuousness. Each canal is said to begin in a small sac 
situated in the substance of the chorion, from whence it spirally 
winds its way to the epidermal surface, where, instead of being 
interrupted, it is continyed as a fine corkscrew perforation 
opening upon a visible pore. M. Breschet represents in addi- 
tion absorbent vessels taking their rise arborescently in the 
epidermis. 

The inner surface of the cutis is hollowed into innumerable 
shallow fossule placed close toeach other, and varying in diameter 
from a twelfth to an eighth of an inch. They receive the sub- 
cutaneous layer of fat, upon the quantity of which it depends 
whether the skin be sleek or wrinkled, and in the same ration 
lighter or darker coloured. 





Of the Shin. 161 


The branches of nerves distributed to the skin are derived 
from the spinal nerves, from the fifth, and from the portio dura 
of the seventh. 

The lymphatics of the chorion are so numerous, that after 
a successful injection with mercury, the whole surface looks like 
a sheet of quicksilver: their distribution resembles network 
more than regular ramification. 

The cutis, chemically considered, consists principally of 
gelatin. The cuticle is a form of coagulated albumen. 

a. Isolation.—IJt is wonderful that so thin a layer of membrane 
as@he epidermis can so effectually prevent both transudation 
and absorgtion. How well it serves the first purpose is shown 
by the different effects of leaving it, and of removing it, from 
parts of the body after death. When it has been separated, in a 
few days the flesh dries to the bone: when the cuticle remains. 
entire, no sensible abstraction takes place of the moisture of the 
body. 

6. Absorption.—The epidermis, however, i is easily penetrable 
by moisture from its external surface : it is well known how thick, 
and soft and wrinkled the epidermis becomes after immersion of 
the hands or feet for some time in water. Nevertheless, how 
far under these circumstances absolute imbibition of the liquid 
takes place is very questionable. There are facts which seem 
to point both ways. But on the whole the evidence rather goes* 
against any sensible absorption through the cuticle taking 
place as a consequence of mere immersion in a liquid. 

Dr. Edwards contrived that a lizard, which had suffered a 
considerable diminution of weight by exposure to a free current 
of air for several days, should remain partially immersed in 
water, which covered its tail, its hind legs, and the hinder part 
of its body. Under these circumstances the animal reacquired 
the weight which it had before lost, “and its limbs and body 
regained their plumpness and former volume*. 

Dr. Edwards confined a snake in air saturated with moisture, 
removing it and weighing it at intervals: at first it was found 
to lose in weight ; after a time it ceased to become lighter, ang : 
was observed to gain in weight. - ee 

M. Seguin observed, that when the human body is immengy ia 
in water at a temperature between 12°6 and 22°5 cent, motigas’ 





* DeVinfluence, &c. p. 347. 
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of weight takes place beyond the usual loss by pulmonary 
transpiration. Immersion therefore in water at the above tem- 
perature, must either prevent cutaneous transpiration, or 
allow an absorption to take place equal to the loss it occasions. 
The preceding analogies are in favour of the latter solution. 
But subsequent researches by the same author seem to show, 
that water in contact with the cuticle of the human body is not 
absorbed. If the water hold a salt of mercury in solution, it 
very rarely happens that any evidence of the absorption of 
the mineral manifests itself even after long and repeated im- 
mersion. : 6 

The cuticle appears to be the main impediment tdutaneous 
absorption. When this membrane is removed, absorption takes 
place rapidly on the exposed surface of the cutis. If by con-" 
tinued pressure, as during the use of mercurial frictions, a 
substance is mechanically forced through it, absorption readily 
takes place. Or if a substance which is of an acrid nature, 
and calculated chemically to unite with it, 1s placed in contact 
with the epidermis, a like result ensues. When the foreign 
matter has passed the cuticle, we must suppose upon analogy 
that its absorption from the cutis vera takes place through the 
blood-vessels, not through the lymphatics. 

The skin has some action upon the air, which is obscurely 
understood. Analogy perhaps would lead us to suppose that 
an absorption of oxygen takes place at the surface of the 
body ; for the experiments of Mr. Cruickshank and of Mr. Aber- 
nethy have shown that carbonic acid is produced when the 
hand or the foot is confined in atmospheric air. 

c. Secretion.—A certain quantity of fluid continually escapes 
by the skin; sometimes this disappears, as fast as it is formed, 
by evaporation: at other times it collects as a liquid upon the 
surface of the body. In the former case it is termed the Insen- 
sible Perspiration ; 1n the latter the Sensible Perspiration. 

The perspiration consists of water containing a small propor- 
tion of acetic or lactic acid, of muriates of potash and soda, 
with a trace of animal matter, apparently gelatin. 

The most unexceptionable experiments perhaps relating 
to the quantity of the insensible perspiration are those of 
Lavoisier and Seguin. Upon their testimony the average 
quantity amounts to eleven grains per-minute. During diges- 
‘tion the quantity of cutaneous transpiration appears to be at 
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itsminimum. According to Dr. Edwards, during the six hours 
before noon the insensible transpiration, ceferts paribus, attains 
its maximum. Sleep would seem to promote it remarkably a 
dry state of the atmosphere, exposure to a current of air, 
diminished barometrical pressure, have a similar tendency. 

The influences last named are such as would affect the rate 
of evaporation from a dead body. Dr. Edwards has founded 
upon these and similar observations, an apparently just division 
of the elements of the insensible perspiration into such as are 
derived from secretion, and such as result physically from the 
evaporation of the moisture of the skin itself. Upon estimat- 
ing the parative loss of weight which frogs suffer when 
placed at a lower temperature in dry air and in air laden with 
moisture, the proportion of fluid lost by secretion to that lost 
by transudation appeared to be as 1: 6*. But it is possible 
that in dry air the quantity of secretion may be greater than in 
air laden with moisture; the increase of the demand may 
increase the quantity of the supply, agreeably with a fact 
respecting the secretion of milk, which has been already 
adverted to. 

At an elevated temperature and during violent exercise the 
perspiration becomes sensible. No estimate has been made of 
the actual quantity of liquid produced under these circum- 
stances, or of the ratio in which the different causes alluded to 
influence the secretion of the sweat. Sir C. Blagden remarked, 
that. on staying for twenty minutes in a chamber heated to 198° 
the perspiration was so little increased that his shirt was only 
damp at the end of the experiment}. A few minutes of violent 
exercise at a much lower temperature would have produced a 
copious flow from the skin. 

The principal object of the sensible perspiration appears to 
be the reduction of the temperature of the body. The present 
occasion, therefore, leads us again to consider the subject of 
vital heat. Heat, it seems, can be produced in all living 
beings; but while in plants and cold-blooded animals the 
temperature closely follows that of the media in which they are 
immersed, in mammiferous animals and in birds a given ‘tem- 
perature is sustained, which is termed their standard heat:: Tn 
human beings the standard heat is about 97°, in viviparous. 


'@ De I'Influence, &e. ‘p. SH, + Phil, Tran. vol. Ixy, P» 119. 
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quadrupeds 100° or 101°: the temperature of birds is yet 
higher, and rises to 107° or 108°. 

Extremes of heat or cold appear temporarily to raise or 
lower the temperature of the body. After staying sixteen 
minutes in a dry air at 64° cent, M. Delaroche observed the 
temperature of the skin to be raised 4°. 

During various disorders the temperature of human beings 
is liable to be raised considerably higher. In fever the heat 
has been observed to rise to 104°*. M. Prévost witnessed a 
case of tetanus in which the temperature was elevated 7° cent. 
above the natural standard. Mr. Cesar Hawking mentiored 
to me his having observed, that in a person who \ ed within 
twenty-four hours after an injury of the spinal cord at the 
lower part of the neck, which crushed it, and produced para- 
plegia, the thermometer applied to the groin ten minutes before 
death rose to 111°. 

The young of warm-blooded animals have a temperature 
lower than that of adults of the same species. A similar 
difference has been noticed in the human race. M. Breschet 
ascertained, upon an examination of ten infants within forty- 
eight hours after birth, that their temperature varied from 34° 
to 35°.5 cent. 

There appears to be a remarkable difference in the young of 
warm-blooded animals as to their power of producing heat. 
A Guinea pig soon after birth is able to resist a low temperature 
nearly as well as an adult; but kittens and puppies newly-born 
lose their temperature rapidly when the external heat is arti- 
ficially lowered ; in a fortnight, however, they acquire the 
power of evolving heat. This difference bears a relation to the 
general forwardness of animals. Those which are born with 
their eyes open, can sustain themselves at a standard tem- 
perature: the opposite class resemble at first cold-blooded 
animals, and their temperature falls with that of the surround- 
ing media, A parallel difference is observed in birds, some of 
which quickly walk and run upon breaking the egg; these 
have the temperature of their kind: but others, as for instance 
the jay, appear batched before their time, and three or four 
weeks elapse before they can sustain a standard temperature. | 

Dr. Edwards, from whose valuable work on the in@uence of 
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physical agents upon the animal cconomy I have largely 
borrowed in this chapter, gives in connection with the preceding 
remarks an interesting account of the temperature of a child 
born at seven months. At this period the existence of the 
membrana pupillaris ranks the infant with those animals which 
are born with closed eyelids ; and the temperature of the infant 
in the case alluded to did not exceed 32° cent. although the 
child was well wrapped up and placed before a fire. 

The power of producing heat seems to be different at different 
seasons. Dr. Edwards artificially exposed five sparrows to the 
influence of a low degree of temperature during three hours at 
roanieap Ble of the year. In February the heat lost 
averaged at 0°:4 cent, in July at 3°.62 cent, in August 4°.87 
cent. The constitution thus adapts itself to the temperature in 
which it is placed: when less heat is called for, less heat is 
habitually produced ; and the powor of producing it in large 
quantity is temporarily lost. 

Animals that hibernate remain during life unable to sustain 
a standard temperature against any considerable external cold. 
In the month of April, the air being at 16° cent, Dr. Edwards 
exposed a bat to the temperature of 1° for an hour:.-in this 
time its temperature fell from 34° to 14°. Adult sparrows and 
Guinea pigs under corresponding circumstances lost from 2° to 
3° only. 

Animals of this description on the approach of winter seek 
to envelope themselves in substances which are calculated to 
prevent the abstraction of their heat and the free access of the 
air, and then fall into a torpid state, during which they take 
no nutriment: their breathing and the circulation of the blood 
are then so languid, that the performance of these functions has 
been doubted. 

During the torpid state the temperature of the body falls 
nearly,to that of the surrounding media: if the animal is 
roused, its temperature becomes elevated. 

The air of the apartment being 1°.5 cent, the temperature 

of a torpid bat was 4°. M. de Saissy roused it by mechanical} ! 
disturbing it. The animal took an hour to wake: at the ex 
piration of thirty minutes its teniperature had risen £0: TB" 
when fully roused, to 27°. The temperature of a dormouse 
under similar circumstances rose to 36°, its standard heat, | 
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It is remarkable that cold serves as a means of waking 
hibernating animals, not less than mechanical excitement or a 
high temperature. M. de Saissy carefully exposed a torpid dor- 
mouse at a window looking to the north, when the centigrade 
thermometer stood at 4°. After a period somewhat longer than 
in the preceding experiment, the animal was roused, and its tem- 
perature rose to 36°. But in this instance the cold which wakes 
the animal from its torpid state becomes quickly fatal ; the 
temperature falls again, and the animal sinks into a lethargy 
which is mortal. 

The hibernating animal is thus liable to perish of a in the 
sume way as other animals. ot:. 

In human beings, when sufficient heat cannot be produced 
to meet the demand from without, the temperature of the body 
falls, excessive drowsiness and inclination to sleep are felt, 
which, when yielded to, are fatal. The frame is then in a 
cordition the least calculated to resist the effects of cold; as 
heat is produced in less quantity during sleep than during 
waking, during repose than during exercise. Dr. Edwards 
made the curious remark, that the power of enduring and 
recovering from the effects of cold in young animals, is in- 
versely as their power of producing heat; so that kittens or 
puppies newly-born can live for two or three days at a tem- 
perature of 20° cent. or even two or three degrees below it*. 

The accumulation of heat in the system is not less fatal than 
its rapid abstraction. Cupious perspiration and intense thirst, 
difficulty of breathing, violent pain in the breast, and palpita- 
tion of the heart, followed by insensibility, were the symptoms 
remembered by one who survived the imprisonment in the black 
hole at Calcutta. Of one hundred and forty-six who shared 
these sufferings, twenty-three only outlived one night’s confine- 
ment in a crowded dungeon during a tropical night+. This 
great mortality appears to have ensued in consequence,of the 
hot and confined air becoming saturated with moisture, which 
prevented further evaporation from the skin, and kept the heat 
of the body permanently raised above the usual standard. 
M. Delaroche has ascertained by experiment, that animals 
placed in an atmosphere charged with moisture are unable to 


* De Influence, &c. p. 474, _ P-Daodsley’s Aun. Reg. 1758, 
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support a degree of heat that slightly exceeds their standard 
temperature. 

Sir Charles Blagden published some interesting observa- 
tions on the effects of a high temperature on himself. Upon 
exposing himself for a few minutes with his clothes on and 
after a hearty repast to a temperature of 240°, he experienced 
an oppression upon the chest, attended with a sense of anxiety. 
He found that his pulse beat 144 pulsations immediately upon 
leaving the heated room. Upon exposing himself in the fore- 
noon after a moderate breakfast to the temperature of 220° 
without hig shirt, the impression of the heated air was at first 
painfully a ie iperrer but in five or six minutes a profuse 
sweat broke out, which gave instant relief, and took off all the 
extraordinary uneasiness: at the end of twelve minutes he left 
the room very much fatigued, but not otherwise disordered ; his 
pulse had risen to 136*. 


* Phil. Trans. vol. Ixv, p. 489. 


CHAPTER IX. 


ON THE FUNCTIONS OF THE NERVOUS SYSTEM. 


THE Offices of the nervous system are of two kinds: on the one 
hand the brain and nerves exercise a control over the automatic 
functions of the body; on the other, they form the immediate 
organs of consciousness. 

Viewed in the latter relation, the physiology of the nervous 
system embraces the two following inquiries: What are the 
mental endowments of man and animals? Upon what conditions 
of the bodily organs does their manifestation depend? 


SECTION I. 
Of the Mental Phenomena in Man and Animals. 


I propose in the present section briefly to describe the different 
affections of the human mind, and to compare them with the 
mental endowments which animals display. It is difficult not 
to believe that a common principle of consciousness exists in 
both; in the one expanded into a reasonable nature, in the 
other narrowed and subjected to blind impulse and necessity. 

Of Sensation and Perception.—When adequate impressions 
are made upon our organs we are conscious of sensation. 
When, for example, coloured rays impinge upon the retina, 
sensations of light are produced in us. Perception is a term 
which in common discourse is used synonymously with sensa- 
tion: we employ, for instance, indifferently the expressions, to 
experience sensations of colour, and ta perceive colours. But 
‘metaphysicians attach different meanings to the words sensa- 
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tion and perception, using the latter to express the knowledge 
of the presence and qualities of external objects which follows 
upon sensation. In order to understand this distinction, it is 
necessary to analyze the complicated impression which is made 
upon the mind through the momentary exercise of one organ 
of sensation. I look, for instance, at an object of such dimen- 
sions, that a glance serves to satisfy me respecting its nature. 
The impression which I receive through the experiment is three- 
fold: comprising, 1. Present sensations of colour: 2. A con- 
viction that those sensations are excited by something external: 
3, A knowledge of the real size and form and distance of the 
object which I have seen. The second of these elements, or 
the notion whieh the mind receives of a something external as 
the cause of sensation, constitutes perception. ‘The third 
class of impressions that I have described, and which we 
have learned to associate with the preceding, are our acquired 
perceptions. 

Upon comparing sensation and perception in animals with 
the like affections in man, it is evident that the former have a 
partial superiority as to both. Sight in birds generally, and smell 
in a great variety of animals, are more acute than in man. The 
sense of smell in animals is closely connected with their most 
powerful instincts. Its existence and its force may be traced 
even in creatures of a different caste of organization from our- 
selves. The aversion, for instance, which bees are said to show 
to particular individuals is probably to be attributed to the 
influence of this sense. How far in man as in animals this 
sense might be used to suggest motives of conduct, is curiously 
shown in the account by Dugald Stewart of James Mitchell, 
who had the misfortune to be born deaf and blind, and was 
thus deprived of the two most important channels through 
which knowledge 1s ordinarily received. I may quote the 
following statement, given upon the authority of Mr. Wardrop. 

“When a styanger approached Mitchell, he eagerly began 
to touch some part of his body, commonly taking hold of his 
arm, which he held near his nose; and after two or three strong 
inspirations through his nostrils, appeared decided in his: 
opinion. If it happened to be unfavourable, he suddenly went: 
to a distance with the appearance of disgust; if favourable, he 
showed a disposition to become more intimate, and expressed by 
his countenance more or less satisfaction.” = 
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With human beings the faculty of perception is of slow 
growth. Several weeks elapse before we discern intelligence 
in an anfant’s gaze, or read in its vacant eye that sensation 
produces in it a notion of something external. Nor in this 
case are we wholly to attribute the backwardness of perception 
to the general imperfection of the infant’s mind. In the well- 
known case recorded by Cheselden, in which by the operation 
of couching a new class of sensations was suddenly excited in 
one already grown up and of more than common parts and 
quickness, correct perception did not immediately follow upon 
visual impressions, although every other sense was already tho- 
roughly educated, and the understanding ready and bent upon 
perceiving a familiar world through a new sense. ‘ When this 
young gentleman,” observes Cheselden, ‘“ first saw, he was so 
far from making any judgment about distances, that he thought 
all objects whatever touched his eye (as he expressed it), as 
what he felt touched his skin. He knew not one thing from 
another, however different in shape and magnitude; but upon 
being told what things were, whose form he before knew from 
feeling, he would carefully observe that he might know them 
again.” 

In animals, the faculty of perception is wonderfully perfect 
at first and at once. 

“ As soon as her chickens are hatched,” observes Dr. Smith, 
“‘ the hen carries them to the field to feed, where they walk 
about at their ease it would seem, and appear to have the most 
distinct perception of all the tangible objects which surround 
them. We may often see them accordingly by the straightest 
road run to pick up any little grains which she shows them, 
even at the distance of several yards; and they no sooner come 
to the light than they seem to understand the language of 
vision as well as they ever do afterwards. The young of the 
partridge and of the grouse seem to have at the same carly 
period the most distinct perceptions of the same kind. The 
young partridge, almost as soon as it comes from the shell, runs 
about among long grass and corn; the young grouse among 
long heath ; and both would most essentially hurt themselves, 
if they had not the most acute, as well as distinct perception of 
the tangible objects, which not only surround them, but press 
upon them on all sides. The young-ofseveral sorts of quadru- 
peds seem, like those of the greater-part of birds which make 


Of Instinct. 177 


théir nests upon the ground, to enjoy as soon as they come 
into the world the faculty of seeing, as completely as they ever 
do afterwards. The day, or the day after they are dropt, the 
calf follows the cow, and the foal the mare, to the field; and 
though from timidity they seldom remove far from the mother, 
they yet seem to walk about at their ease, which they could 
not do unless they could distinguish, with some degree of pre- 
cision, the shape and proportion of the tangible objects which 
each visible one suggests.” 

Of Volition.—It is easy to imagine a being capable of sen- 
sagion butswanting every other mental endowment. We may 
suppose,.fay example, that plants have sensibility. But it 1s 
impossible to prove the conjecture true. Movements in other 
beings, resembling those which in ourselves are voluntary, 
constitute our only evidence that they feel. 

By volition is here understoodthe mental attempt to preduce 
muscular action. Under ordinary circumstances its exercise is 
followed by two effects: certain muscles contract, and their 
action is attended with some degree of sensation. The mental 
effort may, however, be complete, yet neither of these conse- 
quences follow. There is a disease termed aneesthesia, which 
consists in the temporary or permanent loss of sensation in the 
extremities. A patient afflicted with this disorder can move 
the muscles of his limbs voluntarily; but their action is no 
longer attended with feeling. The spinal cord is liable to be so 
injured, as that both motion and sense are extinguished in the 
lower half of the frame; the sufferer in such a case looks at his 
palsied limbs, and tries in vain to move them: he is conscious 
of the perfect mental effort, but neither motion nor sensation 
follow. 

We have no evidence that animals exert volition except in 
exciting their muscles to contract. In man this faculty has a 
more pxtensive operation. We can will, not merely muscular 
exertion, but Jikewise the direction of the current of our 
thoughts. Volition in its most comprehensive sense may be 
defined to be the mental effort to gratify an impulse, or to. 
execute a preconceived intention ; or to be the act of the mist: 
which immediately precedes the attempt to af an impulse," 
or to execute a preconceived intention. 

Of Instinct.—Besides sensation, perception, and ‘polition, 
one other element at least is wanted to compose a scheme of 
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consciousness analogous to our own. Some cause must be 
found, why voluntary action should occur at one time and not 
at another, in one class of muscles and not in all at the same 
moment, and so on. Motives must exist to actuate the will. 

Upon referring to the ordinary operations of our own minds, 
volition appears to take place whenever we anticipate a greater 
degree of gratification or advantage from exerting than from 
repressing it. We know by experience the prompt influence of 
the will over our muscular frame: we are able to conjecture 
with more or less certainty the consequences of different volun- 
tary actions: and we will, with a general or precige anticipa- 
tion of what the result will be, and in order to obtain it. A 
hungry person knows that the food he prepares to eat will 
gratify his appetite: a drowning person hopes that his cries 
will bring people to his assistance. But there are instances in 
human beings in which intellagent motives cannot be assigned 
for voluntary actions. The infant at the breast, or struggling 
when first plunged into water, employs muscular efforts for its 
sustenance or preservation, no less voluntary than those which 
the schoolboy makes when draining his orange, or the ex- 
hausted swimmer when he calls for help. But in the infant, 
the motive which leads to the voluntary effort, is not the anti- 
cipation of pleasure or advantage, but a spontaneous tendency, 
a blind inclination, an instinct. 

Instinct then appears to consist in a natural tendency to 
execute certain voluntary movements, without any previous 
conception of the object they are calculated to attain, upon the 
occurrence of particular sensations or states of inward feeling. 
This account of instinct corresponds very nearly with the 
popular meaning of the term. The modifications of this pro- 
perty, as I’ have described it, are especially characteristic of 
human and brute intelligence: in man they are subdued and 
subservient to reason: in animals they greatly surpass in 
vigour and influence the faint climmerings of reason which 
they exhibit, and in some instances curiously rival in their 
effects the most elaborate results of human thought. 

But perhaps it will not be generally granted that instinctive 
actions are voluntary : let us proceed etre to examine this 
question at greater length. 

‘The principal reason for a contrary ‘apposition, consists in 

rétaining no consciousness of havéag exerted the will at the 
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time of their performance. But there are many voluntary 
actions, which leave no recollection the instant afterwards of 
an effort of the will having preceded them. I allude to those, 
which from frequent repetition have become habits. Meta- 
physicians are generally agreed, that such actions continue to 
be voluntary, even when the influence of the will in their pro- 
duction eludes observation. We are therefore not authorized 
to conclude, that instinctive actions are involuntary, merely 
because we have no recollection of having willed their perform- 
ance. 

eSir Chasles Bell attempted to prove that there are different 
nerves fgr.the transmission of the instinctive and of the volun- 
tary impulse to muscles. But the experimental evidence which 
he advanced in support of his theory was fallacious. His 
experiments were made upon the branches of the fifth and 
seventh nerves, which supply the flesh and integuments of the 
nostrils and of the lips in the ass. They appear to have been 
suggested by the following views. The muscles of the face 
are remarkable for exhibiting at one time instinctive action, 
as in the play of the features in expression, while at another 
they are certainly moved by a deliberate effort of the will, as 
when food is seized with the lips. But the muscles of the face 
have been thought to be further distinguished from the muscles 
of most other parts by having two nerves distributed to them, 
one a portion of the fifth, the other a portion of the seventh 
nerve. Is it not likely then, reasoned Sir Charles, that one of 
these nerves (and he chose the seventh) is a nerve superadded to 
minister to that instinctive action so conspicuous in the facial 
muscles, while the other (the fifth) 1s the nerve of ordinary 
qualities, intended 1o minister in the same parts to sensation 
and voluntary motion? The error in the experimerfts by which 
Sir C. Bell designed to establish his theory lay in this: he 
overlpoked the fact, that, while an animal has two nostrils, 
it Mas but oneemouth: in other words, while he observed that 
the muscle which expands the right nostril, is supplied with 
nerves from the fifth and seventh of the myht side alone, he over» 
looked the fact that the muscle which closes the lips, being! 
disposed with one of its halves on each side of the face, is 
supplied both by the right and left nerves jointly, Neglecting 
this difference, Sir C. Bell supposed that he had saacertained 
the influence of the seventh nerve over the grbicalar muscle 
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of the lips no leas than over the muscles of the nostril, when he 
had divided. that nerve on one side only. And as he saw that 
after the division of one seventh nerve, the nostril on that side 
ceased to move in breathing (an instinctive action), although the 
lips continued to be employed in seizing food (a deliberate and 
voluntary action), Sir C. Bell concluded that he had obtained 
by this experiment a proof, that the seventh nerve controls the 
instinctive actions, but not the voluntary actions of the muscles of 
the face. Observing the source of error which I have pointed out, 
and anticipating that a very different theory of the uses of these 
nerves would prove to be true, I performed the experiment of 
dividing the seventh nerve on both sides, and obtained a new 
result, 1 discovered by this experiment, that the seventh 
nerve is the common and exclusive motor nerve of the face; 
inasmuch as upon its division on both cheeks (the other nerves 
being untouched). the muscles of the lips as well as of the 
nostrils are totally paralyzed. They retain indeed under thesé 
circumstances sensibility, with which they are endowed by thé 
fifth. Branches of the latter nerve, which emerge from tl 
infra-orbital and mental foramina, to supply the muscles and 
integuments of the face, Sir C. Bell had supposed to be nerves 
both of sensation and voluntary motion. I discovered that they 
are exclusively nerves of sensation *. 

Thus it appears that upon the face, a part in which the 
occurrence both of instinctive and of premeditated actions is 
eminently conspicuous, ove nerve is proved to minister to this 
double function. We are authorized in concluding from this 
fact, that the immediate cause of muscular action is the same 
in both cases. 

There are some occasions upon which actions decidedly 


* Mayo’s Anatomical and Physiological Commentaries, London, 1822. 
The reader, who msy take a critical interest in this inquiry, shoud tiot 
omit to read Sir C. Bell’s first essay, printed in the Philosophical Traxs- 
actions for 1821, in which his opinions are distinctly stated to be such 
as L have here represented them. In all his subsequent writings on this 
subject (writings published after the first part of my anatomical and phy- 
siological commentaries had in the mean time appeared) Sir C. Bell, re- 
taining the terms which he had employed to explain his theory, such as 
superadded, respiratory, &c., has substitetet for his original opinioris 
my conclusions, I regret to say without esltantotging the source from 
whence he derived them. yh, 
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voluntary are substituted for instinctive actions, and the re- 
verse. As an experiment, a physiologist will temporarily alter 
his rate of breathing, drawing for a period deeper and fewer 
inspirations than usual, and afterwards reverting to the natural 
rate. An actor again will at pleasure in an instant throw into 
his countenance the full expression of mimic passion ; directly 
afterwards perhaps the features subside into their ordinary 
expression. In these instances there is no effort observed when 
the change takes place from the one kind of action to another, 
such as might be expected if different principles were in opera- 
tign in thestwo cases. 

The instinctive actions, to which I have last adverted, have 
the following remarkable character in common with those 
which are consciously voluntary. By an exertion of attention 
and resolution we can refrain from them; and the constraint 
which we put upon ourselves, as the effort is more or less suc- 
cessful, closely resembles that commonly experienced upon 
refraining from the indulgence of those movements which are 
called habits. 

The conclusion towards which the preceding arguments 
tend has the additional advantage of being intrinsically more 
philosophical than that to which it is opposed: the first, which 
classes instinct as a motive to the will, is supported by analogy; 
the second, which represents instinct as 2 principle equivalent 
at once both to motives and volition, disregards all analogy. 

I shall now quote one or two examples of the instincts of 
animals, which may contribute to persuade the reader that 
instinctive actions are voluntary, and which will at the same 
time bring us to another disputable question, as to where 
instinct ends and reason begins. ‘“ On dissecting,” says 
Galen, ‘a goat great with young, I found a brisk embryon, 
and having detached it from the matrix, and snatched it away 
beforg it saw its dam, I brought it into a room, where there 
wot many vesgels, some filled with wine, others with oil, some 
with honey, others with milk or some other liquor, and in 
others there were grains and fruits. We first observed’ the. 
young animal get upon its feet and walk ; then it shook itsetf;. 
and afterwards scratched its side with one of its feet; then. we. 
saw it smelling to every one of these things that were, set in 
the room, and when it-hed smelt to them all, it. drank up the 
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milk.” What is this but an instance of sensation occasioning 
a blind impulse to a determinate course of voluntary action ? 

The next example which I shall adduce, is one of many in 
which the guiding principle of animals seems at first sight not 
to be blind, but intelligently to accommodate itself to circum- 
stances, when the ordinary train of action would be unsuit- 
able. “Ifa hive of bees be this year in possession of a queen 
duly fertilized, and consequently sure the next season of a 
succession of males, all the drones, towards the approach of 
winter, are massacred by the workers with the most unrelént- 
ing ferocity. To this seemingly cruel course, they are doubt- 
less impelled by an imperious instinct : and as itis regularly 
followed in every hive thus circumstanced, it would seem at 
the first view to be an impulse as intimately connected with the 
organization and very existence of the workers, and as incapable 
of change as that which leads them to build cells or to store up 
honey. But this is far from being the case. However certain 
the doom of the drones this autumn if the hive be furnished 
with a duly fertilized queen, their undisturbed existence qver 
the winter is equally sure if the hive have lost its sovereign, or 
her impregnation have been so retarded as to make a succession 
of males in the spring doubtful. In such a hive the workers 
do not destroy a single drone, though the hottest persecution 
rages in all the hives around them *.” 

Now how are we to explain this difference of conduct? 
Are we to suppose that the bees know and reason upon this 
alteration in the circumstances of their community—that they 
infer the possibility of their entire extinction if the whole male 
stock were destroyed when without a queen—and that thus 
influenced by a wise policy they restrain the fury they would 
otherwise have exercised? This would be at once to make 
them not only gifted with reason, but endowed with a power 
of looking before and after, and a command over the strangest 
natural propensities, superior to what is expected in a sizhalar 
case even from a society of men; and it is obviously un- 
warrantable, The more probable supposition is, that here 
again the ‘eenduct of the animal:-blindly follows an impulse’ 
— “from impressions on the ‘senses: in other ibe 
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that a new instinct is developed, suited to the extraordinary 
situation in which the community stands, leading the workers 
now to regard with kindness the drones, for whom otherwise 
they would have felt the moat violent aversion. 

But doubtless we may arrive at a point in studying the 
habits of animals, where instinct yields to other principles. 
Let us, therefore, proceed to inquire what mental affections are 
discernible in animals, besides sensation, perception, volition, 
and instinct, and what effect they have in modifying or super- 
seding the latter. 

ait is evident that in animals, as in human beings, impres- 
sions once traced upon the mind may recur to it. Whoever has 
observed'a dog during its sleep prick its ears and whine, must 
be persuaded that the animal dreams: in other words, it has 
the faculty of conceiving former objects of sense. 

It is not less certain that animals have memory: this is shown 
in the power of personal recognition which they evince. 

The principle of ¢mittatton again exists in various degrees in 
animals. This principle is one that modifies instinct. A bird 
untaught will practise from instinct the song of its kind; but 
placed under circumstances where it hears another song ex- 
clusively, the young bird learns the notes in place of its ;roper 
song. 

Animals display similar principles of mental association with 
man, and that no less in a wild state than when tamed. The 
wariness, which wild animals acquire with age, and the educa- 
tion of domesticated animals, sufficiently exemplify this re .ark. 

Animals possess powers of discriminative observation. When. 
you have thrown a ball two or three times in succession for a: 
dog to fetch, if you repeat the gesture of throwing, but retain 
the ball in your hand, the animal starts headlong after the 
object you have feigned to throw; but it quickly discovers the | 
deceit: and now, when you would repeat the deception, the 
— carefully watches whether the gesture of throwing be 

or a feint, before it starts upon its course. A crow will 
take wing when a persoy, carrying a gun approaches and is yet 
at a distance, which would allow one without a eon | to get ' 
within forty yards of it. 

It is in instances like the preceding, that animals. es the 
nearest approach to reason. It has thus been observed; that 
all animals acquire a degree of sagatity’ with age; that an 
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experienced greyhound, for example, will in coursing the hare 
deviate from the direct pursuit of its game, and make straight 
towards a wood, to turn the hare from gaining its cover. The 
following singular circumstance, which is to the same purpose, 
is narrated by Dr. Fleming. 

‘‘The hooded crow of Zetland, when feeding on the tes- 
taceous mollusca, is able to break some of the tenderer kind& 
by means of its bill, aided in some cases by beating them 
against a stone; but as some of the larger shells, such as the 
buckie and the whelk, cannot be broken by such means, it 
employs another method, by which, in consequence of apply- 
ing foreign power, it accomplishes its object: seizjgg the shell 
with its claws, it mounts up into the air, and then loosing its 
hold, causes the shell to fallamong stones (in preference to the 
sand, the water, or the soil on the ground) that it may be 
broken, and give easier access to the contained animal. Should 
the first attempt fail, a second or a third are tried, with this 
difference, that the crow rises higher in the air, in order to 
increase the power of the fall, and more effectually remove the 
barrier to the contained morsel.” 

In both the cases which I have just described, it is not to 
be doubted that the animal understands that the indirect means 
which it adopts will lead to the attainment of a desired end ; 
it is hardly possible therefore to call these actions other than 
rational. At the same time, if the guiding principle in these 
instances be reason, it must be admitted that its light extends 
no further than to guide the creature one step in supplying an 
urgent appetite, and that the general nature of the animal 
remains irrational still. It is possible that there are beings a 
grade above us, who look at our prodigies in arithmetical talent 
in the hght in which we view these instances, as partial glimpses 
in an inferior race of a higher caste of mental faculties. 

Perhaps the strongest contrast that can be drawn between 
the mental nature of animals and man, consjsts in com ring 
together the habits of the most intelligent animals under éir- 
cumstances the most favourable for the improvement of their 
sagacity, with the mental attainments of human beings when 
most excluded from the ordinary patie of acquiring know- 
ledge. Wes 

The dog, the horse, the elephant, “and the monkey, asso- 
ciated frequently with man, ‘and: -exhibiting-almost human ‘sym 
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pathies with him, reading his eye, his gestures, yet make no 
‘step through their intercourse with him towards a rational 
nature. Compare all that is most surprising in their acquired 
character and habits with the following account by Professor 
Glennie of the poor lad born blind and deaf, to whose case I 
have before adverted. 

“* His countenance,” as Professor Glennie writes at the time, 
“ notwithstanding his unfortunate defects, does by no means 
indicate fatuity ; nay the lineaments of thought are very 
observable upon it. ILis features at times are perfectly com- 
posed and sedate. When sensible of the presence of a stranger, 
orof any object which awakens his curiosity, his face appears 
animated; and when offended or enraged, he has a very marked 
ferocity of look. He behaves himself in company with much 
more propriety than could be expected; a circumstance owing 
undoubtedly to the great care of his parents, and of his elder 
sister. He feeds himself. When a stranger arrives, his smell 
immediately and invariably informs him of the circumstance, 
and directs him to the place where the stranger is, whom he 
proceeds to survey by the sense of touch. In the remote 
situation where he resides, male visitors are frequent, and 
therefore the first thing he generally does is to examine whether 
or not the stranger wears boots: if this be the case, he imme- 
diately quits the stranger, goes to the lobby, feels for and 
accurately examines his whip: then proceeds to the stable, and 
handles his horse with great care, and with the utmost seem- 
ing attention. It has occasionally happened that visitors have 
arrived in a carriage, and on such occasions he has never failed 
to go to the place where the carriage stood, examined the whole 
of it with much anxiety, and tried innumerable times the 
elasticity of the springs. The feeling by which he appears to 
be most powerfully actuated is curiosity, or an anxious desite 
to make himself acquainted with every thing that is new to 
eo e appears to feel affection for those of his family very 

ngly; discovered extreme sorrow on account of his father's 
dedi lad himself upon the coffin, after his father’s corpse 
was put into it, apparently in much grief; went frequently to. 
his grave, and threw himself spon it, whilst he gently patted © 
the turf, and bemoaned himself greatly. He is likewise: capa- 
ble of feeling mirth, and | frequenily laughs heartily. | He is 
highly eave by getting new clothes ;. and as tearing his 
: rd. N 2 
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clothes is the most usual expression of his anger, so the punish- 
ment he feels most is being obliged to wear them after he has 
torn them. 

’ Respecting the manner in which he conveys his feelings, 
I am at a loss to give the information that might be expected. 
It is certain that those of his family know perfectly in what 
temper he is, and what he wants to have; and these intima- 
tions he conveys to them in the presence of strangers, without 
these last being sensible of his doing so. When he is hungry, 
he approaches his mother or sisters, touches them in an ex- 
pressive manner, and points towards the apartment where the 
victuals are usually kept. If he wants dry stockings, f ne 
points to his legs ; and in a similar way intimates his @shes on 
other occasions. A pair of shoes were lately brought to him, 
which he found to be too small: his mother then took them, 
and put them into a small closet. Soon after a thought seemed 
to strike him, and he contrived to obtain the key of the closet, 
opened the door, took the shoes, and put them upon the feet of 
a young lad who attends him, whom they suited exactly. 

“ His father, when alive, was at much pains in directing him, 
as his mother still is; but his eldest sister has a much greater 
power of managing him than any other person. Touching his 
head with her hand seems to be the principal method which 
she employs in signifying her wishes to him respecting his 
conduct: this she does with various degrees of force, and in 
different manners; and he seems readily to understand the 
intimation intended to be conveyed. In short, by gratifying 
him when he acts properly, and withholding from him the 
objects of his complacency when he has done amiss, he has 
been taught a sense of what is becoming in manners and proper 
in conduct, much stronger than it-could otherwise be believed 
that any person in his singularly unfortunate situation could 
acquire.” 

But to return from this attempt to compare the merig] en- 
dowments of animals with our own, to the enumeration A a 
elements of the human mind, which I proposed to give in this 
place. 

An infant a few months old displays, in common with ani- 
mals, sensation, perception, instinct, volition , conception, me- 
mory, imitativeness, and the power to: discriminate between 
true and false in regard to common objects‘of sense; the latter 
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act implies a humble exertion of comparison and judgment; 
and the dreams of a child, as of a dog, exemplify the working 
of imagination: and imagination implies, what it operates by, 
abstraction and recombination. To these mental dawnings the 
light of reason succeeds,—reflection, the appreciation of ab- 
stract truth, the knowledge of right and of wrong, cultivated 
taste and developed talent. 

Attention is the faculty on which reflection is immediately 
based. We have the wonderful power of fixing our thoughts at 
pleasure upon any subject of abstract contemplation, and at the 
sme time of allowing the current of our thoughts to glide on, 
wherebgalfthe light that the comparison of other ideas may 
throw upon the subject of reflection may be obtained. In 
truth, in this process the mind must perpetually loose its hold of 
the subject of attention, and give itself up to accidental trains 
of thought, being careful only to recover, from time to time, 
before it has got too distant, the original idea which it is its 
pleasure at the time to analyze. 

Nothing is so difficult as practically to distinguish truth from 
falsehood, to know what we may believe, what disbelieve: 
nothing is so important, for we cannot even judge of right but 
by discriminating what is true. But it is not so difficult to 
determine the elements of belief, and to assign the different 
modes in which conviction comes tous. Practically, truth is that 
which we believe. If a thing be true and we do not believe it, 
it is not truth to us: if it be false, yet seem to us true, it exerts 
upon us the moral and intellectual compulsion of truth. But 
though truth is that which we believe, yet knowing that we 
may be misled, we form, independently of the belief which we 
practically entertain, ideas of positive or absolute truth, con- 
ceiving that there are propositions which would necessarily 
command the assent of all, if all the evidence relating to them 
were faid before us and understood by us. The truths which 

dmit, or thé kinds of evidence which determine our belief, 
admit of being arranged under three classes, which are the 
following. , 

A. Certain truths may be called intuitive; which it will be ‘ 
found, before they have been presented to our minds as definite 
propositions, were assumed or involved in many of out reflections; 
and which, as soon as they are put before us as definite propo- 
sitions, appear of such a nature that we cannot doubt them, 
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or conceive their negative possible. Of this description are the 
following. 

1. The belief which we entertain of the reality of those mental 
affections of which we are immediately conscious. 

2. Belief in the evidence of memory: in other words, our 
absolute conviction, when we remember to have experienced an 
emotion or impression, that we have experienced something 
similar on a former occasion. Our belief in our moral or per- 
sonal identity is founded on, and proves the force with which 
the evidence of memory acts on our minds. 

3. The belief that space has no limits. This may be brought 
home to the mind by the following reasoning. If spuce has 
limits, let any one imagine them; and having imagined them, 
let him ask himself what exists beyond them. 

4, The belief that duration has no limits. This element of 
belief, in reference to past time, is strikingly put by Cicero in 
the following passage. ‘‘ Non enim si mundus nullus erat, 
seecula non erant; secula nunc dico, non ea, que dierum noc- 
tiumque numero annuis cursibus conficiuntur. Nam fateor ea 
sine mundi conversione effici non posse; sed fuit quedam ab 
infinito tempore seternitas, quam nulla temporum circumscriptio 
metiebatur, spatio tamen qualis ea fuerat, intelligi potest; quod 
ne in cogitationem quidem cadit, ut fueritt tempus aliquod, nullum 
cum tempus esset.”’— De Nat. Deor. lib. 1, sect. ix. 

5. The belief that no change can take place without a cause 
adequate to produce it. 

A child, or unlettered person, led by an intuitive perception 
of this principle, seeks a cause for every phenomenon, and is 
satisfied that he has found one, as soon as he has discovered a 
class of parallel cases. The philosopher, analyzing this idea, 
comes to the conclusion that it 1s essentially impossible to 
discover real or efficient causation; and that he must ever re- 
main contented with tracing what is constant in the sequences 
of events, or, as it is termed, physical causdtion. He 
discover for instance the conditions agreeably with which the 
communication of motion by impulse is effected; but he cannot 
discern any necessary connection in the shanomena: He may 
measure the force of the attraction of gravity, but he cannot 
comprehend how that force operates: When he reduces physical 
causation to its last elements, he determines the physical cause 

nt which,-as far as expe- 
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rience extends, or reasoning from experience would lead us to 
expect, has always preceded it, and never takes place without 
it. The physical law of any class of phenomena he defines to 
be the expression of the conditions, which invariably attend 
its occurrence. The further he pursues the investigation, the 
more clearly he sees that the necessary connection of events 
must always elude his researches; yet not the less, but the 
more, does he rest convinced of the existence of such a relation, 
and persuaded that no change can take place without an 
efficient cause compelling its occurrence. 

er, ourebclief with reference to efficient causation will be 
found tg inyolve three elements. 

a. No change can take place without an efficient cause 
adequate to its production. 

b. No efficient cause can take place without the correspond- 
ing effect being produced. 

c. An efficient cause can act only when and where it exists, 
and therefore bears a definite relation to time and space. 

6. The belief in the existence of an external world bears 
a- close affinity to intuitive truth, inasmuch as it arises sponta- 
neously in our minds, and cannot be seriously questioned by a 
rational understanding. Yet it must be admitted that we are 
so constituted, that we can conceive it possible that matter as 
perceived by us has no existence, and that our waking sensa- 
tions, like those which we seem to experience in a dream, may 
result from some other cause than present external material 
impressions. 

B. The conclusions obtained by syllogistic, inductive, and 
mathematical reasoning, command our assent as perfectly as 
intuitive truths, but in a different way. 

a. Syllogistic proof consists in showing that the circumstance 
you would predicate of an individual has been already granted 


to belong to the genus. 
Our belief in a law established by induction turns on a 


orresponding principle: we have admitted the law before it, 
is stated. The law, which we recognize, is but the general 
expression of all the instances comprised under it. 8 

c. Mathematical proof rests upon a like basis. The concly-' 
sion is shown to be involved in something already admitted. _ 

It ig unnecessary to observe, that it does not detract from 
the ingenuity shown in reducing an argument.to the syllogistic 
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form, or from the genius displayed by the discoverer of a 
mathematiéal relation or inductive law, that the conclusion each 
has come to, is essentially irrefutable. 

C. Another mode of belief is founded upon experience and 
analogy. When we have observed that certain consequences 
have uniformly followed certain antecedents, we are led by the 
constitution of our nature to expect the recurrence of those 
consequences, whenever we see their usual forerunners: thus 
when we see the sun go down, we entertain no doubt that it 
will rise on the following morning ; and so on in regard to the 
general order of nature; although it is evidently possible thet 
that order may be interrupted to-morrow. coe, 

Our belief in testimony rests upon experience and analogy. 
The present instance serves remarkably to show the various 
shades of belief, which may attach to the kind of evidence 
which we are now considering. Who doubts that Nelson 
fought at Trafalgar? and who does not doubt the rumour of 
the day during a period of political excitement? A child that 
has never been deceived, believes implicitly every assertion 
made to it. A statesman professes a distrust of history, upon 
his personal knowledge that it is sometimes falsified. 

The questions, upon which our minds are ordinarily employed, 
are such as are decided by experience and analogy, employed 
in weighing the value of testimony, and comparing the likelihood 
of different anticipations. These problems, however, are rarely 
simple. Another principle is commonly used in their solution. 
This is the force derived from cumulative proof. The impression 
produced by the superposition of probabilities corresponds with 
the gradual heightening of terror that is wrought by a skilful 
combination of incidents in a narrative. 

When we bend our thoughts to the serious contemplation of 
our being and of our duties, it is strongly interesting to observe 
how far our unassisted reason, using the elements of ,belief 
which I have shadowed out, guides us ; with certainty. 

1. We have intuitive knowledge of our mental being, or per-- 
sonal existence. 

2. We believe next to intuitively that our present existerice 
is not a dream, but that the na. oe that seems without and 
around us is real. 

. 3 That nature, which we look' sei we are compelled to 
beliove the result not of chance but of @entrivance : for we find 
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sverywhere the most striking suitableness of structure and dis- 
position toimportant objects, that are so compassed and attained ; 
—a wonderful harmony and fitness of things, which it is 
analogically impossible to refer to accident. We attribute 
therefore the existence of the world, such as we view it, to an 
intelligent cause,—to the operation of infinite power directed 
by sovereign wisdom. 

4. We observe a prominent character of the designs of nature 
to be uniformity ; we therefore conclude the Author of nature 
to be One. 
od. We desire to know whether He is benevolent or cruel; 
we look,arcynd the world, and we see that happiness is its pre- 
vailing character. Nay, that where pain and bodily distress 
exist, the intervals of suffering convey new sensations of delight, 
unknown to the more fortunate. We conclude that God. is 
benevolent. 

6. We desire to know whether what we esteem goodness 
characterizes His nature. We observe that all human beings 
concur in venerating moral excellence. We conclude that that 
excellence must be part of His nature, who gave the approba- 
tion of virtue such deep root in our bosoms. 

7. We desire to know His will as to our course of action and 
life: we find the answer in the profound sentiment of respect for 
moral order and virtue which He has implanted unalterably in us. 

8. We desire to know if our nature is immortal; unaided 
reason gives us this answer only—lIt is pussible that you are 
immortals: if you are so, you may be sure that the conduct 
here, which is most consonant with the will of the Creator, and 
which the most contributes to rational happiness here, will 
most contribute to your happiness hereafter. We desire to know 

‘why there is evil: what matters it, when we know our duty ? 

9. We still anxiously bend our thoughts to more certain 

<7, ations of our future being: we feel, as though the Deity, 
gave us such aspirations, and such solicitude as to, oe 
Seatin » Should consistently have placed within our reach aA tide 
tinct announcement of his ‘purposes by us. We have the paged s 
revelation to-turn to, and, the scheme of our being ie unf dees 

In the preceding argunieht. } have perhaps eune farthep.s scousill 
many, who consider that’alone‘to be good which ia useful: od.” 










. 


rest their conclusions as icthe' rightness of orderand viriie’ pon - 
pcteat promi Ss to _— Pa ek is 
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not within us a moral sense, by which, when not debased, but 
isaproved by proper cultivation, we take delight in, and feel 
warm approbation of acts of good faith, justice, beneficence, 
piety? The question is one which each must answer for himself. 

As the words good and bad exist in the languages of all 
civilized nations, so likewise we find expressions corresponding 
with ‘the following — beautiful, sublime, decorous, ludicrous. 
These expressions bear an application to human conduct or to 
incidents in human life, without reference to morality. Emo- 
tions similar to most of these may be excited in us by the fine 
arts, or by natural objects. Scenery may, be sublime or beay- 
tiful: sculpture, painting, acting, and poetry, delight in a 
similar manner, independently of the imitative pleasure belong- 
ing to the three first, and the rarity of the talent displayed in 
all. As we call the cultivated moral sense Conscience, we 
term the capacity of receiving delight from the sources I have 
last described, Taste. 

The sketch which I have thus endeavoured to give of the 
constituent elements of mind would be incomplete without my 
adverting to diversities of talent, and of temper and disposition, 
as well as an enumeration of those affections which form the 
active principles of our nature. We are certainly indebted to 
Messrs. Gall and Spurzheim, for having thrown into their true 
prominence in the philosophy of mind, diversities of talent and 
of disposition, as contrasted with those operations of the under- 
standing which have been already adverted to. 

Diversities of talent are diversities in the kind and fertility 
of mental suggestion. Memory, abstraction, combination, 
and analogical comparison, are the tools with which all talent 
works; the means, by which the orator, the sculptor, the poet 
invent. To all talent the same mental processes are necessary: 
but the orator is not convertible into the sculptor, the painter 
into the poet: the classes of association which each wields is 
peculiar. The difference of talent is in the subjects whit, it 
feels and can_operajevon, abt in its mode of operating. 

The justness of this manner of viewing the subject is borne 
out by what we know of early prodigies of partial talent. The 
most remarkable instances perhaps are to be found in the 
faculty of arithmetical calculation which some are endowed 
with, and in which the most wonderful powers of analysis and 
combination are shown, but in reference to numerical relations 
alane. In these we learn, that the gifted individual has 
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enjoyed from early childhood an intuitive perception of the 
properties of quantities themselves ; that rules for facilitating 
complex arithmetical calculations spontaneously present them- 
selves to his mind; that he has an instantaneous perception of 
the best among several modes of performing the same opera- 
tion. One, who gave toa friend of mine this account of his 
own powers, stated at the same time that his mental multipli- 
cation table reached to 1000, a remark which seems to me to 
throw light upon the nature of this extraordinary talent, or to 
show it to be the same in kind, though incomparably superior 
ins rapidity; to that which common persons may command by 
practices Is is but in its extent, facility, and rapidity of 
combination, that genius differs from ordinary ability. 

To conclude this enumeration of the principles of our nature, 
1 have to mention those shades of character, which constitute 
diversities of temper and disposition: for this purpose I shall 
content myself with setting down the different epithets by 
which these are known. They are the following :—one may be 
irascible or cool, hasty or deliberate, cheerful or morose, steady 
or volatile, even or uneven, sanguine or gloomy, irritable or 
phlegmatic, enthusiastic or saturnine, vindictive or placable, 
active or indolent, bold or timid, ingenuous or artful, com- 
passionate or unfeeling. 

Finally, the active principles of our nature, are, 1. Our 
instincts, the desire of gratifying the appetites, the desire of 
self-preservation, curiosity, and the principle of self-esteem. 
2. Regard for the opinion of the world, emulation and envy, 
the love of power, personal liking and aversion, fear, anger, 
sympathy, imitation. 

These are termed active principles, because they produce in 
us an inclination to action; it is evident that others remain to 
be enumerated: whatever is pleasing or displeasing strikes 
upongn active principle of our nature. We court change, we 
pir pleased witlr what is new, and yet we are pleased with what 

as become habitual: we seek to gratify our taste, and our 
moral feelings ; and the exertion of talent, like the indulgence 
of our humour, is a source of direct pleasure. ae 

But what then is the mind, the possessor of these powers; 
the subject of these numerous affections and shades of humour? 
All that we know of it, is contained in the brief histary of its 
affections, and the laws of their recurrence, 
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But is the mind, as the materialist imagines, the result of a 
particular combination of material atoms? Do thought, and 
feeling flow from a change in organized structure, as music 
from the vibration of a string? Or is their subject something, 
which is essentially independent of, and may survive the 
dissolution of the corporeal frame ? 

Our knowledge upon this matter is contained in a small 
compass. In the first place, we can imagine that mind may 
exist without matter; there is no contradiction involved in 
supposing each material element of our frame destroyed, yet 
the distinct recollection of all we have done and stftered asd 
enjoyed remaining. 2. It is utterly impossible for us:to con- 
ceive how matter can produce mental phenomena. 3. We are 
in possession of the fact, that while our bodily organs to a 
certain extent at least change, our mental identity remains. 
It is difficult to avoid concluding from these premises, that the 
human mind is something superadded upon and temporarily 
united to our living bodies, not a series of affections resulting 
from their material structure. 

I shall conclude the present chapter with describing what is 
known of the condition of the mind during sleep, when the 
succession of the phenomena of consciousness often appears to 
be completely interrupted, and with a notice of a few of the 
more remarkable instances in which the ordinary course of the 
mental affections is disturbed. 

Of Sleep.—The period of a diurnal revolution is shared 
between sleeping and waking: during six or eight hours of 
the twenty-four, consciousness appears suspended. After a 
day spent in active exercise, the limbs feel fatigued, the mind 
is less lively and less capable of continued attention, the senses 
become duller, we seek to dispose the body in a posture re- 
quiring the least muscular effort to sustain it, we withdraw the 
mind from reflections calculated to excite its powers, wa seek 
to close the avenues of sensation, the images before the nk 
become more and more faint, and by insensible gradations we 
become unconscious. 

During sleep the circulation is more gentle, the respirations 
are less frequent and are deeper, the temperature is lowered, 
the cutaneous transpiration is increased. The sleeper perhaps 
remains for several hours without motion, undisturbed by the 
loudest sounds or the brightest light. 


If a sleeping person is awakened by another opening his eye- 
lids under a strong light, the pupil for the first second or two is 
seen to be extraordinarily contracted, which we may presume 
to be its usual state during sleep: the pupil then becomes 
widely dilated, but again contracts and dilates before it 
becomes steady: at the same time the person moves himself, 
articulates unconnectedly, and seems endeavouring to collect 
his scattered thoughts. The mind quickly recovers its wonted 
character, the memory of the events of the preceding day 
returns, but with it in most cases no recollection presents itself 
of a state gf consciousness between the period of falling asleep 
afid that of waking. 

Among the instances in which the memory affords no evi- 
dence of the existence of consciousness during sleep, some are 
nevertheless attended with phenomena, which distinctly show 
that consciousness has not been entirely suspended: for, that 
I may not mention breathing as an evidence of the persistence 
of volition (it being no doubt disputable whether each act of 
inspiration be voluntary or proceed from an automatic influ- 
ence), a person asleep will sometimes turn his head from the 
light, or shift the position of a limb or of the body when it is 
reasonable to suppose that it has become inconvenient: and 
many animals sleep in postures in which they could not be sus- 
tained without the measured employment of voluntary muscles. 
Among many other facts of common observation, none perhaps is 
more conclusive than the estimate which seems to be made of 
the flight of time during sleep, so that a person anxiously bent 
upon awaking for an important object at a definite hour, will 
be sure, against his usual habits, and in defiance even of acci- 
dental fatigue, to wake before the hour required. The mind 
oust have been to a certain degree observant during that sleep, 
which is so timely shaken off. 

There are other instances in which the memory retains the 
cleanést impression of various affections of consciousness having 
éiken place during sleep. In dreams, the images presented to 
the mind are sometimes incoherent and disjointed fragments of, 
events : at other times the train of imaginary circumstances is 
éonnected, and capable of producing an interest as intense as 
reality. Sometimes the mind is in its finest mood of invention. 
The musician and the poet have been known to regret,’ upon 
waking, their imperfect remembrance of what seemed’ the 
brightest gems of their fancy. Sometimes a dream is but the 
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imaginary continuation of trifling or important engagements of 
the preceding day; at other times it shapes itself to the pre- 
sent impressions upon the senses, and a sound mnperfectly 
heard, a light flashing upon the closed eyelids, suggests to the 
imagination a rapid train of correspondent images, of which it 
forms a part. At the moment of waking, dreams are often 
freshly remembered, which quickly fade from the recollection : 
at other times some accidental association brings distinctly 
before us the events of a dream, which till that moment hed 
never been recollected ; leaving it uncertain how frequently the 
mind may thus energize, though its impressions assqciated with 
no object of sense may often fail of being brought back to the 
roind in its waking state. 

The train of thought in ordinary dreaming is the spontaneous 
produce of our imagination, freed from the restraint which the 
perception of surrounding objects imposes upor us when awake. 
The character of an individual might therefore be elucidated by 
a history of his dreams; nor is it more wonderful that their 
suggestions should sometimes be prophetic, than that a rational 
judgment should frequently be able to foresee the probable 
occurrence of events, or that in the varied combinations of 
hazard a wild suggestion of the waking fancy should some- 
times be realized. It is singular that a dream seldom has any 
reference to recent events, unless they have been such as to 
interest the mind in the strongest degree; and then it com- 
monly happens that the supposed events in the dream are the 
opposites of the reality which has suggested them. Captain 
Back told me, that in his expedition with Captain Franklin, 
when nearly starved, he dreamed nightly of partaking of hearty 
meals. 

But dreams are not always the passive flow of fancy; occa- 
sionally the mind seems to bend itself during a dream to an 
examination of the impressions which occupy it. It must have 
happened, for instance, to every one during a dream toshave 
suspected that he was dreaming, and after a process of delk. 
berate reflection to have become satisfied that he was awake. 

it .was the opinion of Dugald Stewart, that in sleep “ the 
will: loses its iwfluence over those faculties of the mind, and 
thore meri ben, ef the body, which during our waking hours.ate 
rae to its authority *. ” In the remarks which I eave 
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made upon the phenomena of consciousness, I have employed 
the term will to signify exclusively that affection of the mind, 
which is the immediate cause of muscular action: that this 
influence is not in every case suspended during sleep, appears 
evident from the fact already adverted to, that many animals 
sleep in postures which require a sustained muscular effort. 
But we seem to exercise a voluntary power likewise over the 
affections of the mind: let us examine, before resuming the 
preceding inquiry, whether the latter influence be suspended 
during sleep. The faculty by which we direct the mind at 
pleasure ta, one train or mode of thought or to another, is 
edeentially unlike that by which we produce a series of volun- 
tary movements. Under ordinary circumstances we are indeed 
equally led to either,—to analyse for instance an affection of 
consciousness, or to strip the shell from a filbert,—by the 
gratification it promises: but while in the one case the effect 
we desire is attained directly and instantaneously,—we will 
and the muscles act,—in the former the effort consists in fixing 
the attention upon a subject of inquiry, and patiently observ- 
ing the bearing of every thought which presents itself upon 
the point before us. In producing a muscular effort, we will 
a physical change, and it instantly ensues; in an effort of 
thought, we but confine the mind to a definite track, expecting 
that our established habits of association will bring us to the 
conclusion we wish. 

Now it appears from an instance of dreaming already men- 
tioned, that the mind can during sleep set on foot an analytical 
Inquiry, and may compare its different impressions in order to 
arrive at a conclusion respecting their nature,—an operation as 
voluntary, if the expression be applicable, as any which the 
mind exhibits in its waking state. 

Mr. Stewart supposes that the phenomena of nightmare or 
incubus illustrate the suspension of the influence of the will 
duriuf sleep. .The patient appears to himself to experience 

<aneasy sensations, produced perhaps in part by the accidental 
posture of his body, which he finds it impossible to remove by 
his own efforts, and he feels distinctly conscious of an, Tides. 
pacity to move: or in a case perfectly analogous he iigiaes 
himself pursued during a painfal dream, and stienipts to-tyy, 
and his legs seem to refuse to perform theii Office. ‘ait at 
appears questionable whether in these instances the’ sapposed 
effort of the will really takes place. The person is not conscious 
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of his real position (if he were he would be awake), and makes 
no effort to change that. He may possibly be su fering an 
uneasy sensation, but it 1s not presented in its true furm to the 
mind ; it is wrought up in all the horrors of a dream, and the 
attempts to escape from the load are in their nature fictions as 
well as the sufferings which suggest them. A person wide- 
awake will occasionally give the : reins to his fancy, and frame 
before his mind scenes of the most exciting description, in 
which he supposes himself to play a busy part, interfering, 
perhaps, to save by an exertion of strength and activity, or in- 
dulging in the happiest flow of eloquence, in keen and pointed 
reply to imaginary invective, the very tone of which is sup- 
posed to add to its poignancy ; but not a muscle does fe move, 
although the scene in which he is engaged has an interest 
almost equal with reality. In a troublesome dream the case is 
similar; but the patient is essentially lost to every thing ex- 
ternal, and having no means of detecting their unreal nature, 
is wholly absorbed in the creations of his fancy, to which alone 
his anxiety and his fears have reference. He wishes not to 
jump out of bed, but to escape the grinning jaws of the monster 
that threatens him. He is uneasy and oppressed, but there is 
no real load to be thrown off. 

Perhaps therefore it is more just to say that the influence of 
the will over the voluntary muscles during sleep, instead of 
being suspended, appears not to be habitually exerted; unless 
indeed breathing is voluntary. But there are some persons 
who talk during their sleep, as absent persons sometimes 
indulge themselves in making remarks aloud, or in gestures 
which have reference to the reverie in which they are engaged. 
The phenomena of somnambulism likewise, although very im. 
perfectly understood, concur with the preceding instance in 
distinctly proving the exertion and influence of the will during 
a modification of sleep. In many cases of this affection it 
appears that the main action conducted has referencesto a 
dream, while the somnambulist, though little conscious ‘of 
surrounding objects, yet affpears in part to be guided by 
sensation in bis voluntary efforts. 

A fit of ‘somtiambulism, observes Dr. Prichard, is in fact @ 
dream.so inettified that the dreamer gains the power of pursuing, 
by. voluntary motion, the objects which he is desirous of seek- 
ingot avoiding in his reverie. This near relation of the stagp 
of somnambulism to that of ordinary dreaming is proved“ 
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the fact, that sleepwalkers, after they have awakened from the 
slumbers! ‘which ushered in the fit of somnambulism, have 
sometimes rémembered their adventures and have correctly 
related them: not however as transactions in which they had 
been actually ‘gaged, but merely as the impressions of 
their dreams *. 

To exemplify the phenomena of somnambulism, I borrow a 
narrative from Dr. Abercrombie’s work on the inteHectual powers. 

‘I have received,” says Dr. Abercrombie, ‘‘from an eminent 
medical gentleman in London, a case presenting some interest- 
ing features, which occurred in the person of a young man 
residing in his house as a pupil. This young gentieman was a 
zealous botanist, and had lately received the highest botanical 
prize from a public institution. One night, about an hour after 
he had gone to bed after his return fiom a long botanical 
excursion, his master, who was sitting in a room below, heard a 
person coming down stairs with a heavy measured step, and on 
going into the passage found his pupil with nothing on him but 
his hat and his shirt, his tin case swung across his shoulders, 
and a large stick in his hand. His eyes, suys the narrator of 
the case, were more open than natural, but I observed he never 
directed them to me, or to the candle which I held. While I 
was considering the best method of getting him to bed again, 
he commenced the following dialogue. ‘Are you going to 
Greenwich, sir?’ ‘Yes, sir.” ‘Going by water, sir?’ ‘ Yes, 
sir.” ‘May I go with you, sir?’ ‘Yes, sir: but Iam going 
directly, therefore please to follow me.’ Upon this I walked up 
to his room, and he followed me without the least error in 
stepping up the stairs. At the side of his bed, I begged he 
would get into the boat, as I must be off immediately. 1 then 
removed the tin case from his shoulders, his hat dropped off, 
and he got into bed, observing he knew my face very well,—~ 
he had often seen me at the river side. A long conversation 
then extued between him and the supposed boatman, in whi¢h 
he understood all that was said to him, and answered quite 
correctly respecting botanical excursions to Greenwich made by’ 
the Professor of botany and his pupils; and gamed a ‘rete’ ’ 
plant he had lately found, of which the superintenc he 
botanical garden had seen only one specimen in higglt Ay caieh Hs 
Profetaor, only two, After some further convetsation, Siarmpa: 
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asked whether he knew who had gained the highest botanical 
prize, when he named a gentleman, but did not name himself. 
‘Indeed!’ was the reply : ‘did he gain the highest prize?’ 
to this he made no answer. He was then asked, ‘ Do you 
know a Mr. , naming himself; after much hesitation, he 
replied, ‘If I must confess it, my name is . This con- 
versation lasted three quarters of an hour, during which time, 
he never made an irrelevant answer, and never hesitated, except 
about the prize and his own name. He then lay down in bed, 
saying he felt tired, and would lie upon the grass till the Pro- 
fessorcame. But he soon sat up again, and held a long conver- 
sation with another gentleman who then came into the room, 
when he again understood every thing that was'said “to him, 
and answered readily and correctly, sometimes uttering long 
sentences without the least hesitation. After a conversation of 
about an hour, he said, ‘It is very cold on this grass, but I'am 
so tired I must le down.’ He soon after lay down, and 
remained quiet the rest of the night. Next morning he had 
not the least recollection of what had passed, and was not even 
aware of having dreamed of any thing.” 

The following instance, quoted by Dr. Abercrombie from the 
papers of the late Dr. Gregory, is curious from combining the 
phenomena of dreaming, produced by external impressions, with 
somnambulism. The subject of the narrative was an officer in 
the expedition to Louisbourg in 1758, who was known to 
be liable to be affected, if whispered to when asleep, by 
dreams, which took a colour from what was said to him. His 
companions in the transport in which they sailed were in the 
constant habit of amusing themselves at his expense. They 
could produce in him any kind of dream, by whispering into 
his ear, especially if this was done by a friend, with whose 
voice he was familiar, At one time they conducted him 
through the whole progress of a quarrel which ended in a duel ; 
and when the parties were supposed to be met, a pistol was put 
inte his hand, which he fired, and was awakened by the report. 
Ow nnetbes pocasien they foand him asleep upon the top of a 
Weker inf eisabin, when, they made him believe he had fallen 
Ve mand, od exhorted him to save himself by swimming. 

e'igamedipigly imitated all the motions of swimming. They 
then’ ser bin ‘thet a shark was pursuing him, and entreated 
hia to diye for dis life. He instantly did ‘so with such force as 
himself entirely from the lo¢ker upon the cabin’ Hoot; f 
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by which he was much bruised and awakened of course. After 
the landing of the army at Louisburgh, his friends found him 
une day asleep in his tent, and evidently much annoyed by the 
cannonading, They then made him believe that he was en- 
gaged, when he expressed great fear, and showed an evident 
disposition to run away. Against this they remonstrated, but 
at the same time increased his fears by imitating the groans of 
the wounded and the dying; and when he asked, as he often 
did, who was down, they named his particular friends. At last 
they told him that the man next himself in the line had fallen, 
when he in&tantly sprung from his bed, rushed out of the tent, 
and wes rowsed from his danger and his dream together by 
falling over the tent ropes. A remarkable circumstance in this 
case was, that after these experiments he had no distinct recol- 
lection of his dreams, but only a confused feeling of oppression 
or fatigue, and used to tell his friends that he was sure they 
had been playing some trick upon him. 

The most remarkable cases, however, of somnambulism 
are those, in which there is no interval of ordinary sleep; the 
patient rushing at once from one state to the other, and existing, 
as it would appear, in alternating states of consciousness, in 
both of which external impressions are perceived, but those of 
one period never remembered in the other. The following 
striking instance was communicated to me by Dr. G. Barlow. 

“This young lady has two distinct states of existence ; 
during the time that the fit is on her, which varies from a few 
hours to three days, she is occasionally merry and in spirits, 
occasionally she appears in pain, and rolls about in uneasiness ; 
but in general she seems so much herself that a stranger coming 
into the room would not remark any thing extraordinary. She 
amuses herself with reading or working, sometimes plays on 
the piano detter than at other times, knows every body, and 
converges rationally, and makes very accurate observations on — 
what she has seen and read. The fit leaves her suddenly, and 
-gha then forgets every thing that has passed during it, amd — 
imagines that she has been asleep, anid sometimes that shé ce : 
dreamt of any circunistance that hes ‘made a vivid inj ol 
on her. During one of these fits she was readitd ae ne" 
Miss Edgeworth’s s Tales, and had in the morning heen rigiing 
one of aii to her mother ; she went for a fe ™ i ute te ate th 
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headach is gone ;’ returning to the table she took up the open 
volume which she had been reading five minutes before, and 
said, ‘What book is this?’ she turned over the leaves, looked at 
the frontispiece, and replaced it on the table; seven or eight 
hours after, when the fit returned, she asked for the book, went 
on at the very paragraph where she had left off, and remem- 
bered every circumstance of the narrative ; and so it is always, 
as she reads one set of books during one state and another 
during the other. She seems to be conscious of her state, for 
she said one day, ‘ Mamnia, this is a novel, but I may safely read 
it: it will not hurt my morals, for when I am welf I shall not 
remember a word of it.’”’ ; 

b. Spectral Illusions.—In somnambulism and its’ eoneuess 
sensations are perceived and acted on during dreams. Spectral 
illusions are the reverse of this. The subject of them is wide 
awake; but with his real sensations, strong and vivid concep-~ 
tions of absent persons, or things, mix themselves, which are 
not distinguishable from his perceptions except by a strong 
effort of reflection and comparison of the one with the other. 
To illustrate this subject, I will first quote the account given 
by Nicolai, a bookseller in Berlin, of his own remarkable case. 

‘‘ During the ten latter months of the year 1790, I had 
experienced several melancholy incidents, which deeply affected 
me, particularly in September, from which time I suffered an 
alnrost uninterrupted series of misfortunes, that afflicted me 
with the most poignant grief. I was accustomed to be bled 
twice a year, and this had been done once on the 9th of July, 
but was omitted to be repeated at the end of the year 1790. I 
had in 1783 been suddenly taken with a violent vertigo, which 
my physicians imputed to obstructions in the fixed vessels of 
the abdomen, brought on by a sedentary life, and a continual 
exertion of the mind. This indisposition was successfully 
removed by ‘means of a more strict diet. In the beginning I 
“had found the use of leeches applied to the arms particularly 

“@ficacious, and they were afterwards repeated two or thrée~ 
fines, anngglly, when | felt congestions in the head. The last 
letufies whith’ had beck: ‘pat on previous to the appearance of 
dar tay a6 tor which T am about to speak, had been applied 
on the Jet GfMarch, 1790 ; less blood had consequently, "been 
“evacuated in 1790 than was anual with me, and from Bextishdbe 
wee. constasitly occupied in business that required} 
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‘untemitted exertions, and which was rendered still more per- 
plexing by frequent interruptions. 

“I had in January and February of the year 1791 the 
additionai misfortune to experience several extremely unplea- 
sant circumstances, which was followed on the 24th of February 
by a most violent altercation. My wife and another person 
came into my apartment in the morning in order to console me; 
but I was too much agitated by a series of incidents, which 
had most powerfully affected my moral feeling, to be capable of 
attending to them. On a sudden I perceived, at about the 
distance of ten steps, a form like that of a deceased person. I 
pointed at it, asking my wife if she did not see it? It was but. 
natural that she should not see any thing; my question there- 
fore alarmed her very much, and she sent immediately for a 
physician. The phantasm continued about eight minutes. I 
grew at length more calm, and being extremely exhausted, fell 
into a restless sleep, which lasted about half-an-hour. The 
physician ascribed the apparition to violent mental emotion, and 
hoped there would be no return; but the violent agitation 
of my mind had in some way disordered my nerves, and pro- 
duced further consequences, which deserve a more minute 
description. 

“‘ At four in the afternoon the form which [ had seen in the 
morning re-appeared. I was by myself when this happened, 
and being rather uneasy at the incident, went to my wife’s 
apartment, but there likewise I was prevented by the apparition, 
which, however, at intervals disappeared, and always pre-~ 
sented itself in a standing posture. About six o’clock there 
appeared also several walking figures, which bad no connection 
with the first. 

“ After the first day the form of the deceased person no 
more appeared, but its place was supplied with many other 
phantasms, sometimes representing acquaintances, but mostly 
strangers: those whom I knew were composed of living arid 


‘deceased persons, but the number of the latter was .compara~., 
tively small. I observed the persons with whom I daily. ¢on- ; 
versed did not appear as phantaspas;, these representing’ ohidlly . 


sobs who lived at some distante from me. 8 9° ~* ties \ 
‘These phantasms seemed equally clear and distinct: wt-all 
aader all circumstances, both when I was by ‘myself 

i was in company, and as well in ithe day -as at 


em 


198 Case of Nuolai. 


night, and in my own house as well as abroad; they were how- 
ever less frequent when I was in the house of a friend, and 
rarely appeared to me in the street. When I shut my eyes 
those phantasms would sometimes vanish entirely, though there 
were instances when I beheld them with my eyes closed; yet 
when they disappeared on such occasions, they generally 
returned when I opened my eyes. I conversed sometimes with 
my physician and my wife of the phantasms which at the 
moment surrounded me; they appeared more frequently walk- 
ing than at rest, nor were they constantly present. They fre- 
quently did not come for some time, but always reappeared for 
a longer or shorter period, either singly or in compapy, the 
latter, however, being most frequently the case. F generally 
saw human forms of both sexes, but they usually seemed not to 
take the smallest notice of each other, moving as in a market- 
place, where all are eager to pass through the crowd; at times, 
however, they seemed to be transacting business with each 
other. I saw also several times people on horseback, dogs, and 
birds. All these phantasms appeared to me in their natural 
size, and as distinct as if alive, exhibiting different shades of 
carnation in the uncovered parts, as well as different colours 
and fashions in their dresses, though the colours seemed some- 
what paler than in real nature; none of the figures appeared 
particularly terrible, comical, or disgusting, most of them being 
of an indifferent shape, and some presenting a pleasing aspect. 
The longer these phantoms continued to visit me, the more 
frequently did they return, while at the same time they in- 
creased in number about four weeks after they had first ap- 
peared. I also began to hear them talk; the phantoms some- 
times conversed among themselves, but more frequently 
addressed their discourse to me; their speeches were commonly 
short, and never of an cinpleseaiit turn. At different times 
there’ “mppeared to me both dear and sensible friends of both 
. sexed, whose addresses tended to appease my grief, which hed 
pot ‘yet wholly subsided ; their consolatory speeches were in 
“general addreased to me whic I was alone. Sometimes, how- 
ever, 1 was accosted by these consoling friends while I was 
engaged in company, and not unfrequently while real persons 
were speakitg tome. These consolatory addresses consisted 
sometimes of abrupt phrases, and at other times: amey ‘were 
regularly executed. 
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‘‘Though my mind and body were in a tolerable state of 
sanity all this time, and these phantasms became so familiar to 
me that they did not cause me the slightest uneasiness, and though 
I even sometimes amused myself with surveying them, and spoke 
jocularly of them to my physician and my wife, I yet did not 
neglect to use proper medicines, especially when they began 
to haunt me the whole day, and even at night as soon as I 
waked. 

** At last it was agreed that leeches should be again applied 
to me as formerly, which was actually done April 20th, 1791, 
at eleveneo’clock in the morning. No person was with me 
besidgs the surgeon; but during the operation my chamber 
was crowded with human phantasms of all descriptions. This 
continued uninterruptedly till about half-an-hour after four 
o’clock, just when my digestion commenced. I then per- 
ceived that they began to move more slowly. Soon after their 
colour began to fade, and at seven o’clock they were entirely 
white. But they moved very little, though the forms were as 
distinct as before; growing, however, by degrees, more obscure, 
yet not fewer in number, as had generally been the case. The 
phantoms did not withdraw, nor did they vanish, a circum- 
stance which previous to that time had frequently happened. 
They now seemed to dissolve in the air, while fragments of 
some of them continued visible for a considerable time. About 
eight o’clock the room was entirely cleared of my fantastic 
visitors. 

‘* Since that time I have felt twice or three times a sensation 
as if these pantasms were going to reappear, without, how- 
ever, actually seeing any thing. The same sensation surprised 
me just before I drew up this account, while I was examining 
some papers relative to these apparitions, which I had drawn 
up in the year 1791.” P 

A gentleman, whom I have the pleasure of knowing . anti- 
mately, and ghan whom no one enjoys a saner of “better, 
regulated mind, joined to habits of temperance ns . 
abstemiousness, gave me the following narrative of a strosme 
mental delusion, which had occurred to himself. Ay! ae 

“In the autumn of 1816 I..crossed the Black Sek feowi. 
Qdeasa-to Constantinople. This morning (October 20,°489%),. 
. while:-writing a letter on business respecting directions from 





200 Parallel Cases. 


the Board of Health for precautiondry measures against the 
cholera, my attention was suddenly diverted from the subject 
before me, and irresistibly fixed upon the vision or representa- 
tion of a scene that occurred on my arrival at Constantinople 
in 1816: So strong was the impression, that all appeared 
actually present as it had been near sixteen years before. I 
had accompanied the captain of a vessel, a Frenchman, to visit 
a friend of his long established in the French palace as head 
gardener. I followed him to the apartment of Mr. M—— {so 
he was called, as I recollected this morning), situated in the 
basement story of the palace, and opening into the garden. 
This was the scene I saw to-day. The captain and the 
man standing in the middle of the floor; the old woman, his 
wife, opening a cupboard door, where bottles, glasses, and 
other articles appeared. One daughter spreading a white cloth 
upon a small table; the other daughter seated near the window 
looking into the garden: she was working on a quantity of 
white muslin, or fine linen, which rested in a basket at her 
side: her feet were raised upon a low wooden bench. The 
captain complimented her on her improved appearance, and 
announced to ne her great proficiency in variou uages. 
The father added that she could write as well as speak them, 
thanks to the kindness of Madame the embassadress, now 
returned to France, an irreparable loss to him and his family. 
The variety of attitude of the persons, the sounds of their 
voices, the rays of light falling on the objects in the interior 
through the door and window, and partially Uluminating the 
figures as they crossed the bright track; the garden with 
flowers in the full sunshine near the door, and the chequered 
shadow of the waving trees upon one part, in short the whole 
scene,—appeared for a short time distinctly visible, I have no 
doubi exactly as it really occurred at the time referred to. The 
plague had just broken out, and was the subject of much 
inquiry. ‘tg new arrivals at Constantinople. The, gardener said 
ais family now scarcely ever left the palace. Perhaps the 
‘similarity of reflection and inquiry respecting the cholera may 
have: induced the vivid recollection of this trivial occurrence. 
The vision apparently lasted some minutes. At first my atten- 
Sion ‘was entirely. engrossed by it. I then became alarmed:.by 
its occurfing to me that such a delusion must be.the alfookof 
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fever; on rising to ring the bell, the whole vision gradually 
became faint and disappeared. I immediately wrote these 
notes of the circumstance.” 

Dr. Abercrombie mentions the case of a gentleman, who has 

been ail his life affected by the appearance of spectral figures. 
To such an extent does this peculiarity exist, that if he meets 
a friend in the street, he cannot at first satisfy himself whether 
he really sees the individual or a spectral figure. By close 
attention he can remark a difference between them, in the out- 
line of the real figure being more distinctly defined than that 
of the spectral ; but in general, he takes means for correcting 
Ris visual impression by touching the figure, or by listening to 
the sound of his footsteps. He has also the power of calling 
up spectral figures at his will, by directing his attention 
steadily to the conception of his own mind; and this may 
either consist of a figure or a scene, which he has seen; or it 
may be a composition created by his imagination. But though 
he has the faculty of producing the illusion, he has no power 
of banishing it; and when he has called up any particular 
spectral figure or scene, he never can say how long it may 
continue tg haunt him. The gentleman is in the prime of life, 
of sound mind, in good health, and engaged in business. 
Another of his family has been affected in the same manner, 
though in a slighter degree. 

c. Of Mental Failure and Decay.—It has been remarked, 
that of the powers of the mind, the memory is the first to decay. 
Old age, which impairs the mind, makes its first inroad on the 
memory. Wine, while it raises the animal spirits and stimu- 
lates the fancy, at the same time disturbs the memory. After 
injuries of the head, that have eventually been followed by 
idiotcy, the failure of the memory has been the first mental 
symptom observed. ‘ 

The failue of memory is perhaps sometimes considered’ the 
only ‘i impainmept of the mind, when in fact its other powérs are. x5. 
likewise injured: inasmuch as an alteration is much: moay, 
readily detected in the memory, than in any other faculty ft 
is possible likewise, that in many instanées it is more properky 
the recollection than the memory which suffeys ; the vey ed 
brance is not lost, but the facility of finding it m.the@ ind cto, 
that ‘the. change would be more justly . stated, to Bd in ab 
impairment of the liveliness and rapidity ¢ Saab 5 association..* 1, 
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have heard it observed of old men, that their memory has 
become impaired, but that their understanding has remained as 
strong as formeétly, only slower in its operations. A super- 
vening sicwness of association or mental suggestion would 
account in these instances for all the phenomena observed. 

How much we may remember, which we cannot recollect, 
is shown by a curious class of cases, several of which have been 
collected by Dr. Prichard, in his work upon the nervous system, 
from which I extract the following. 

« A man was brought into St. Thomas’s Hospital, who had 
received a considerable injury of the head, but from which he 
ultimately recovered: When he became convalescent, he spoke 
a language which no one about him could comprehend. How- 
ever, a Welsh milkwoman came one day into the ward, and 
immediately understood what he said. It appeared that the 
patient was a Welshman, and had been absent from his native 
country about thirty years. In the course of that.period he 
had entirely forgotten his native tongue, and acquired the 
English language. But when he recovered from his accident, 
he forgot the language he had been so recently in the habit of 
speaking, and regained the knowledge of that which he had 
originally acquired and lost *.” 

‘A student at an university in the United States, who is 
now one of the most respectable clergymen in that country, 
possessed a tolerable share of classical knowledge, when the 
consequences of a fever, which affected his brain, deprived 
him entirely of his former acquisitions. In fact, he had now 
become so ignorant, that he was not only unable to read’ a 
Latin book, but even knew nothing of the grammar. When 
he had regained his bodily health, being of a persevering dis- 
position, he began again the first rudiments: every thing was 
quite new to him: he passed through the accidence and syntax 


: this grammar, and was learning to construe, when one day, 


as he was making « strong effort to recollect a part of his daily 


Jesson, the whole assemblage of the ideas which he had for- 


merly acquired and lost, suddenly reappeared to his mind, and 
he ‘found himself able to read and understand the Latin 


authors as he-hed done before his illness.” 
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SECTION IL. 


Of the Elements of a Nervous Systent. 


The bydra viridia, upon which the first experiments of 
Trembley were made that showed the divisibility of the lower 
animuls without loss of life in either half, is a thin gelatinous 
tube about an inch in length, closed at its narrower end. The 
open extretmity is bordered by a fringe of long and slender 
filamegts or,tentacula. By means of these the polyp dis- 
tinguishes and seizes its prey, and conveys it into its digestive 
cavity. It moves from place to place by alternately attaching: 
either extremity lo intermediate points. Its structure seems @ 
coherent jelly containing innumerable granules. When the 
animal is turned inside out, the new internal surface is capable of 
digesting : when divided, each half becomes a perfect polyp. 

Thus in the lowest animals the vital endowments are 
generally and equally diffused through their whole frame: each 
half of a polyp may form a portion of one and the same 
sentient being, or become upon mechanical division indivi- 
dualized. 

Cuvier arranged all the families of animals under four classes, 
which consist, 1, of radiated; 2, of articulated animals ; 3, of 
moilusca; 4, of vertebral animals. The polyp is nearly at the 
commencement of this series; but in the same division other 
animals are found, which have a distinction of organs, and a 
nervous system. 

As soon as a nervous system is discernible, the phenomena 
of consciousness are found to be centered in it; or it forms. 
henceforth their exclusive organ. | 

The material of which a nervous system is formed, is & aot. 
viscid tenacious substance, varying in colour from an oraz 
white to brown, from a bright yellow to grey or black. Wier 
a thin slice of nervous matter is emeared upon glass, and viewed! 
in ® microscope under a drop of ‘water, it - “appears to oct bef 
an aggregation of minute molecules of different sizes; the birge 
considerably smaller than a particle of the blood, # 

Nervous substance is generally shaped into | a ise a decane 
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or into cylindrical or flattened cords. These are invested with 
membrane, which ‘:covers not merely their superficies, but 
penetrates their whole substance, giving it a determinable 
structure. The common type of this structure, as far as re- 
gards the nervous matter, is fibrous, and as regards the mem- 
branous investments, tubular. Or, the viscid doughy material 
peculiar to the nervous system is deposited in a series of fine 
membranous tubes. The consistence of: the nervous matter in 
different parts of the system varies:. The difference depends 
upon the quantity and thickness of the membrane in each part; 
and that again depends upon the degree to which — part ts 
exposed to mechanical strains or violence. “ 

A nervous system is composed essentially of two parts ; 
first, of a central.organ consisting of two cords, united at their 
extremities, one corresponding with either lateral half of the body, 
upon which nodular masses are generally placed ; secondly, of 
other cords called nerves, derived from the central organ to the 
sentient surfaces or contractile parts of the animal. 

The two cords which form the central organ of the nervous 
system may be disposed either in parallel lines, and touch each 
other for their whole extent ; or each may describe an irregular 
line, and the two may enclose a space. 

There are three types in the animal kingdom after which the 
nervous system is framed. 

The first is adapted to classes of animals, some of the indi- 
viduals of which survive in each half mechanical division, and 
from one become two sentient beings. This type is followed 
in the nervous systems both of radiated and of articulated 
animals. Individuals of the lowest species, in both of these 
classes, consist of several segments arranged either around a 
centre, whence the term radiated, or in a successive jointed 
series, whence the term articulated, is derived. There are many 
of the lowest species in either class, the star-fish for example, 
and the nais, which admit of being divided without either part 
perishing ; each half becomes a perfect animal. 

. Fhe adjeined figure from Tiedemann represents the nervous 
system. of ‘aaptar-Gsh. The central organ isa cord disposed 
,of the alimentary. cavity, from the points of 
| which: ‘one: habiare opposite to each aye are eran ssi 


toe; distgibutedto it, eee, | sisted 
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The next figure, intended to typify the nervous system 0! 
articulated animals, represents the nervous system of the 
scolopendra morsitans, copied (with the omission of several 0’ 
its central nodules to shorten the figure) from Mr. Newport's 
paper in the Philosophical Transactions for 1834. 
The central organ consists of a double cord dis- 
posed im two parallel lines, with a nodule upon 
each, in each segment of the animal, from which 
the nerves arise. 

The distinguishing character of the double cord 
in the scolopendra, as representing articulated ani- 
mals, is not, however, its disposition in two parallel 
lines. This circumstance has reference to the ex- 
ternal figure alone of the animal, as is proved by 
comparing the anatomy of the lobster with that of 
the crab. In the former, the central organ of the 
nervous system, in its general disposition, resembles 
that of the scolopendra; in the latter it is thrown 
ito acircle. The essential distinction between the 
central organ m the scolopendra and that in the 
star-fish, is the nodular enlargements in the former. 
at the points where nerves originate. 

The common point between the twa, which brings 
them to the lowest or composite type of organiza: 
tion, is the equal development of the nervous cord 
at every part of the animal, no segment showing a 
remarkable superiority of yolume over the rest, -4 .* 
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To this peculiarity of structure is doubtless attributable the 
fact, that sensibility is not destroyed in the tail of some ani- 
mals of this construction, when the hinder part of the body is 
cut off, any more than in a segment of a radiated animal sepa- 
rated from the rest. 

The second type is that which is 
met with in mollusca. The figure 
which I have given is from a prepa- 
ration of the nervous system of a 
fresh-water muscle, made by Mr.Cesar 
Hawkins. 

Mollusca differ from animals of the 
two preceding classes in being essen- 
tially individualized. They each con- 
sist of a single series of organs, the 
co-operation of which is essential to 
the support of life. The internal or- 
gans not being repeated, but form- 
ing one system, evince a higher type 
of organrzation. 

The nervous system of mollusca 
differs from that of the preceding 
classes in two respects. In the first 
place the nodules of the central organ 
are of disproportionate size, so that 
the connecting cord appears insignificant; nevertheless the 
connecting cord is invariably found to exist, wmting all the 
nodules into a continuous chain. In the second place, the no~ 
dules, although generally situated near to the organs which 
they supply, are found in greatest number and volume near 
what must be called the head, so as to form something like a 
brain. Nevertheless, the nodules which are remote from: the 
head; may be presumed to be of equal force and function te 
those in the head: im structore at least they are exactly like 
the latter. In the fresh-water muscle it happens that the no- 
dules in the head are of the brightest yellow colour, the con- 
nesting cord avd the nerves being white: bat the nodules in 
other paris of the body are equally characterized by this bril- 
liant colour, which I presume is a sufficierit proof that they are. 
ofthe same nature with the first. 

En the three lowest classes of animals, that is to. say, in the. 
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radiata, the articulata, and the mollusca, the disposition of the 
double cord has always a certain relation to the opening into 
the stomach. It is either wholly disposed in a circle round 
what must be termed the cesophagus, ae in several radiated 
animals; or the part which extends between the first and 
second pair of nodules forms a collar through which the ceso- 
phagus passes, as in articulated animals and in mollusca. 

In articulated animals, the first pair of no- 
dules, like a brain, is placed above the mouth 
and commencement of the esophagus, whilst the 
remainder fre disposed upon the strong integu- 
mentf the g~bdomen in the securest region of 
the frame. 

In the higher mollusca, in the snail for in- 
stance, and in the cuttle fish, the upper portion 
of the nervous centre, or the first pair of nodules, 
assumes more of the external character of a brain : 
still in both of these instances there is found 
below the esophagus a second portion (analogous 
to the spinal marrow and medulla oblongata of 
the next class), to which the first is united by 
two cords, which complete the never-wanting 
cesophageal collar. 

The third and highest type is that which reigns 
in vertebral animals: the figure which I have 
given as an example of this type, represents the 
central organs of the nervous system in the 
pigeon. ; 

In vertebral animals, the central organ con- 
sists of a double cord, the greater part of which 
is contained in the vertebral canal, and is called 
the spinal cord, or spinal marrow, while its upper 
or anterior extremity is prolonged into the cranial 
cavity, and is cflled the medulla oblongata. From 
this double cord, like as in the three preceding 
classes of animals, nerves are given off in pairs 
to the successive segments ofthe frame. So far 
therefore, parts very strictly parallel are found in 
vertebral animals and in the lower classes. 

It is true that in the greater number of in- 
stances the spinal cord is not nodular, as in the articulated 
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animals and’tnollusca. Yet it 
is observed, that in most there 
are general swellings and en- 
largements of the cord at the 
parts whence the larger nerves, 
or those of the extremities, 
arise. Instances likewise are 
not entirely wanting in which 
the nodular construction dis- 
tinctly shows itself. The figure 
adjoined represents the upper 
part of the spinal marrow of a 
gurnet (from the plates of Des - 
moulins and Magendie), in 
which that portion of the spi- 
nal cord, from which nerves 
of finer endowments, those 
namely which supply the feel- 
ers, are given off, is found to 
be nodular. 

The cranial part of the dou- 
ble cord is, however, invariably 
crowned with hemispherical 
masses analogous to the no- 
dules of the lower animals, 
from which nervesarise in pairs. 

The adjoined figure of the 
enkephalon of a skait, seen 
from above, with (on one side) 
the representations of the ori- 
gin of the nerves, may serve as 
an example. 

The accumulation of larger 
nodules in the head, upon the 
eummit of the double cord, is 
one of the characteristic fea- 
tuges of the nervous system in 
vertebral animals. But ano- 
ther remarkable point of dis- 


tinction is never wanting ; 


there are always found among 
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the nodules which give origin to the cerebral nerves, more than 
one other nodule, from which no nerves arise; of these in the 
skait the largest is the cerebellum, which in the diagram is 
marked with the letter A; the other parts of the same character 
are placed below; they are the pituitary gland, and the corpora 
albicantia. 

In some fish, as for instance in the carp, other and additional 
tubercular masses not giving origin to neives are found, which 
being placed anterior to the cerebellum, and hke it having a 
superficies of giey matter, seem to constitute a cerebrum. 

A cerebrum is always found in reptiles. 
The larger of the adjoined figures repre- 
sents The enktphalon and spinal cord of a 
toad. The letters BB mark the two hemi- 
spheres of the cerebrum: the letter A is 
placed on the cerebellum, which is singu- 
larly small in ophidian and batrachian rep- 
tiles. The smaller figure represents the sut- 
face of a section of the cord in the toad. 

The preceding details lead to three im- 
portant conclusions respecting the func- 
tions of different parts of the nervous system 
in vertebral animals. 

I, The higher animals are distinguished 
from the lower in the construction of their 
nervous system, by cerebral masses super- 
added upon the anterior end of the double 
cord. They are distinguished also by a 
larger share of mental endowments. Is it 
not probable that the superadded parts have 
to do with the superadded functions! Or, 
to proceed more cautiously in the argu- 
ment,—both in the highest and in the lowest 
there are found a double cord with nerves 
arising from it, and there are displayed sen- 
sation, instinct, and volition: is it not likely, 
that in the highest animals sensation, in- 
stinct, and volition, have their material or- 
gans in the double cord and nerves, which 
with those functions are common to them 
and to the lowest ? 
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One to whom the present inquiries are new may think this 
conjecture ingenious, but will certainly suppose it impossible to 
prove its correctness ; nevertheless, nothing can be more com- 
plete than the body of evidence by which it is established. 

¥t occasionally happens, that human foetuses are born with a 
spinal cord, medulla oblongata, and nerves complete, but with- 
out a brain,—that is to say, deficient in the parts peculiar to 
vertebral animals, but having those which correspond with the 
entire nervous system of a star-fish, a centipede, or a snail. 
These brainless foetuses commonly die in their birth: but they 
have been known to survive a few hours or days; and when 
this has happened, they have displayed sensation and instinct. 

The following is an account by Mr. Lawrence df an acepha- 
lous infant, which lived four days. 

‘¢ The brain and cranium of this infant were deficient, and 
the basis of the latter was covered by the common integuments, 
except over the foramen magnum, where there existed a soft 
tumour about equal in size to the end of the thumb. The 
smooth membrane covering this was connected at its circum- 
ference to the skin. The child, as is generally the case in such 
instances, was perfectly formed in all its other parts, and had 
attained its full size. It moved briskly at first, but remained 
quiet afterwards, except when the tumour was pressed, which 
occasioned general convulsions. Jt breathed naturally, and 
was not observed to be deficient in warmth until its powers 
declined. From a fear of alarming the mother no attempt was 
made to see whether it would take the breast: @ Wttle food was 
given tt by the hand. It voided urine twice in the first day, 
and once a day afterwards. It had three dark-coloured eva: 
cuations. The medulla spinalis was found to be continued fo 
about an inch above the foramen magnum, swelling out into « 
small bulb, which formed the soft tumour upon the basis of th 
skull. All the nerves from the fifth to the ninth were con 
nected with this.” 

The conclusion deducible from this remarkable cannon tha 
in man-the brain is not necessary for sensation and the com 
monest éustinctive actions, is further confirmed and ae b 
experiments made upon living animals. 

‘M. Magendie mentions, that if after the removal of the upp 
part of the cranium in a living animal, the cerebrum, the opti 
“tubercles, and the cerebellum are removed in successive slice 
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“leaving the medulla oblongata entire above the apparent origin 
of the fifth pair of nerves, the animal, although rendered blind, 
continues to be affected in as lively a manner by pungent odours 
or tastes, or by irritation of the skin, as if no further injury had 
been sustained than the loss of blood occasioned by the experi- 
ment. The animal cries, if a hair of its whisker is plucked, or 
if vinegar is held to the nose, and strives with its fore feet to 
rid itself of the object which incommodes it. The movements 
of the body are not more affected than if the cerebellum alone 
hed been removed. These phenomena may be observed to 
continue fer more than two hours, when the experiment is 
performed Wpon 4 full-grown hedgehog *. 

IT. néxt step which we make discloses facts not less 
wonderful than the preceding. 

It appears by the experiment, which I have last quoted, that 
the brain may be taken away portion by portion, yet the crea- 
ture survive, and exhibit sensation and instinct. But let the 
mutilation be carried a line further; let that small segment of 
the medulla oblongata be destroyed, in which the fifth, seventh, 
and eighth nerves rise, and consciousness is instantaneously 
extinguished. Nor is this extraordinary phenomenon to be 
explained upon the supposition, that it 1s necessary for life 
that a certain quantity of the cerebral organ be left. It turns 
wholly upon the destruction of one particular segment: for in 
an animal in perfect health, and with all the frame entire, if 
that segment alone is cut through, life ceases at once. 

And to mark yet higher the importance of this point in the 
medulla oblongata, the rest of the nervous system derives its 
vitality, or, to speak more justly, its participation in the pheno- 
mena of consciousness, from its continuity with this point being 
uninterrupted. This proposition, indeed, admits of proof, by 
experiments made upon cold-blooded animals alone. In warm- 
blooded animals, the functions of the nervous system depend BQ 
directly upon the circulation of the blood, that when the latter. 
18 interrupted, no satisfactory results can be obtained. 

sBut in a frog or turtle, after the head has been. severed 
from the body, consciousness persists for a time: and whether 2 
that principle of consciousness remain in the head or the body, :- 
depends entirely upon whether the section of the medulle. ob. 
longata has been made above or below the vital point which I 
have described. As a cook in killing a turtle generally divides 
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the medulla below the vital part, it is the body which is com- 
monly found to be deprived of sensibility, while the separated 
head continues distinctly to exhibit consciousness. If it is 
contrived, however, that the section be made just above the 
origin of the fifth and eight nerves, an opposite result takes 
place — the head is dead, the body continues alive. 

Ill. The preceding facts appear to establish an utter dissi- 
milarity between the endowments of the nervous system, as it 
exists in vertebral, and in invertebral animals. That which 
can be divided, and either half retain its functions, is essen- 
tially unlike that, all the endowments of which depend upon 
the continuity of its different segments with one point. Nevef- 
theless, although this important difference cannot “be disputed, 
and it is certain in vertebral animals that all the parts of the 
nervous system, which are disconnected with a particular seg- 
ment of the medulla oblongata, are excluded from participating 
in consciousness, still it is to be presumed, that as long as their 
continuity remains, each part exercises an energy of its own, or 
has its own function. And that, to begin with, each segment 
of the double cord from which a pair of nerves arises, has in 
itself a mechanism of sensation and instinctive action compa- 
rable to the parallel parts in articulate animals. The proof of 
this is contained in the following remarkable experiments made 
upon the body, a few seconds after it has been deprived of life. 
If the spinal cord is then divided in the middle of the neck and 
in the middle of the back, upon irritating a sentient organ 
connected with either isolated segment, muscular action is pro- 
duced : if, for instance, the sole of the foot is pricked, the foot 
is suddenly retracted, with the same gesture as it would have 
been during life; that is to say, a sentient organ being excited, 
an irritation is thence propagated through the sentient nerve 
to the isolated segment of spinal marrow in which that nerve 
originates, where it gives rise to some change, which is followed 
by the transmission of an impulse along the voluntary nerves to 
the muscles of the part. That this is the true explanation of 
the phenomena observed, is conclusively shown by the follow~- 
ing experiment, which it occurred to me to make when engaged 
in investigating the source of the motion of the iris. A pigeon 
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ead crura cerebri: all the nerves proceeding ‘to ‘the eye, with 
and now the 
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stump of the optic nerve adhering to the optic tubercle was 
pricked, when I found that the iris acted. Thus, under the 
restrictions above laid down, each segment of the double cord, 
with the nerves derived from it, may be justly compared to a 
pair of nodules with its nefves in an invertebral animal. 

We may therefore look at the nervous system as a chain of 
organs originating nerves in pairs, and make each segment, or 
group of segments with their nerves, a separate study; and 
consider in succession the spinal cord, the medulla oblongata, 
and the masses superimposed upon it. Or there is another 

int of View, under which we may consider the subject. 
Pistia of cgntrasting one segment, or group of segments, with 
another, we may study the functions of the nerves as oné sys- 
tem of organs, and those of the spinal cord and brain as ano- 
ther. It will be better in fact to adopt both of these modes of 
distributing the subject. The functions of the nerves will be 
therefore treated of apart: and in the mean time the functions 
of the spinal cord, of the medulla oblongata, and of the brain, 
will be described in succession. 


SECTION Il. 
Of the Spinal Cord. 

The spinal cord has to -be viewed in several important rela- 
tions. In the first place, being intermediate between the brain 
and the spinal nerves, it has the office of transmitting to and 
from the nerves and brain the impressions which travel from 
the one to the other. 

Again, it has been shown by experiment, that in one part of 
the nervous system, in the nerves themselves namely, impres- 
sions are transmitted or propagated along or in the direction of 
the threads or filaments of which the nerves are formed. It is 
interesting to have ascertained [which I was enabled to do by 
employing the fhethod which Reil had used in unravelling the 
structure of the brain], that the white matter of the spinal cord, 
like the nerves, is made up of longitudinal threads, part at joast 
of which extend from the medulla oblongata to the termination — 
of ‘the €.¢ oy The effect, on this ground alone, of seally We the 










fagciouli vik form, the spinal cord coalesce continually with 
ctiiet Gre threads which pass obliquely from 
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one fasciculus to another. White threads likewise at intervals 
detach themselves from the cord, to contribute to the formation 
of the spinal nerves. 

2. When we consider the spinal cord as consisting of threads 
which come from the enkephalon to communicate with the suc- 
cessive pairs of nerves, we conclude that after each pair the 
cord must be diminished in size; we expect to find the spinal 
marrow of a conical figure, tapering from the neck to the loins in 
proportion as it parts with nerves. And in fish, in which the 
body tapers, this is found to be strictly the case. In reptiles, 
birds, and mammalia, however, the figure of the cord is cong}- 
derably modified, and a second principle in its construction is 
brought prominently into view. The cord consists, in truth, 
not only of threads extending from the enkephalon to the 
nerves, but likewise of a series of parts analogous to the no- 
dules in the lower animals, which are concerned in originating 
nerves, and the size of which has reference to the size of the 
nerves given off at each part. Accordingly, although the spinal 
cord of reptiles, birds, and mammalia, tapers eventually to a 
fine extremity, yet is its narrowing twice interrupted by sensi- 
ble enlargements, one of which is at the lower part of the neck, 
where the large nerves of the upper extremities arise, the other 
at the lower part of the back, where the nerves of the legs are 
given off. 

3. How essentially independent these groups of originating 
organs are of each other is shown by the following remarkable 
case. 

A person died at the age of forty-four, seven years after hav- 
ing lost the use of his arms, which had become contracted, 
without however losing their sensibility. The lower part of his 
body had in no degree participated in the same affection; and 
he had been to the last violently addicted to sexual indulgence. 
Upon dissection, the spinal cord at the lower part of the neck 
and upper part of the back, was found converted into a colour- 
Jess diffluent substance containing flakes of nervous matter, all 
but two narrow bands, one in the line of each anterior lateral 
furrow, which appeared of their natural texture, and joined the 
sound inferior portion of the spinal cord to the upper part*, 
The narrow bands of a natural texture, described in this case, 
erved to communicate the influence of the énkephalon to the 

ower segments of the spinal cord that were entire. he 
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4. But the white filaments of the spinal cord serve not only to 
connect the brain and medulla oblongata with each sey ment of 
the cord, but to associate reciprocally the sexments of which 
the cord itself consists. When the head of a snake has been 
cut off, the body is lifeless, and utterly deprived of sensibility. 
If, however, before many minutes have elapsed, the experi- 
ment is made of puncturing the skin of the tail or of the middle 
of the animal, the decapitated neck is seen to bend towards the 
point thus irritated. The several segments of the spinal cord 
still co-operate, and are capable of combining to excite habitual 
muscular &ctions, upon an impression being made upon the 
sentignt nerves derived from one. ) 

5. When the filamentous structure of the cord, the rationale 
of its shape, the independent elements that exist in it, and the 
possibility of the co-operation of the latter without the influence 
of the medulla oblongata, have thus been brought under re- 
view, it has fuither to be inquired, what are the longitudinal 
divisions of the cord, what is the disposition of the cineritious 
substance within the cord, what difference is there between the 
functions of the anterior and posterior fasciculi ? 

The spinal cord exhibits six well-marked longitudinal furrows 
upon its surface: two of these, called the anterior and posterior 
median furrows, mark its division into two symmetrical halves. 
Two lateral furrows on each half of the cord, near and parallel to 
the anterior and posterior median furrows, mark the lines at 
which the two roots of the spinal nerves are attached. Of all 
these furrows, the anterior median alone has a separable dou- 
bling of pia mater lining its whole depth. Through this cir- 
cumstance in the recent state it is readily displayed. The 
posterior lateral furrows are the next in depth and coarseness. 
There are no furrows upon the sides of the spinal cord. But 
the furrow, which in the medulla oblongata intervenes between 
the posterior pyramid and corpus restiforme, is continued down 
two-thirds of the spinal cord between the posterior median and 
posterior lateral furrows. 

I made the following measurements upon the spinal “cord. of 
a remarkably muscular body, the age of which was abgat 
twenty-five years, the height five feet four inches. ‘Their pria- 
cipal physiological interest consists in their showing, thatthe | 
depth of the anterior median furrow is greater at the inferior 
enlargement than at. the cervical enlargement at the cord ; that 
is to say, that the aiferior portion of the spinal cord is relatively 





216 Disposition of the Grey Matter in the Cord. 


larger where the nerves of the lower extremities are given off, 
than at the part where the nerves of the upper extremities arise. 

The entire length of the spinal cord, from the commence- 
ment of the decussation of the pyramids tu its lambar end, was 
18.8. The fine remnant of nervous matter at the inferior end 
extended half an inch beyond the origin of the last nerve. 

The measurements in the adjoined table are decimal parts of 
an inch. 










Breadth of | Depth of the| Depth of the 
the entire | entire cord. | antericr me- 
cord. | dian furrow. 


Places of measurement. 





=o 
@ 
Dimezsions of the spinal cord at the 
interval between the origins of th 
sixth and seventh cervical nerves ..... my) 
Dimensions at four inches and a hal 
above the origin of the last’ nervous 
filament....... susuwaes Seameleniescuea seats 14 
Dimensions at two inches above the 
Jast filament, or at the thickest part 
of the inferior enlargement. 18 


The disparity which is thus shown to exist 
in different regions between the anterior and @ 
posterior portions of the spinal cord be- 
comes more remarkable, when the interior] 
structure is displayed by transverse sec- 
tions. 

The three figures adjoined represent the 
surfaces of transverse sections at the three 
points of which measurements of the cord 
have been given. The upper figure corre- 
sponds with the cervical part [at the origin 
of the fifth cervical nerve], the middle with 
the dorsal; the lowest with the thickest 
part of the lumbar enlargement. The upper 
part of each figure represents the anterior 
surface of the cord. ' a 

These figures show the disposition of the gr ey matter in the 
faterior of “the spinal cord. The grey matter is not, as it is 
‘commonly supposed to be, a central ‘wolid -pillar i in either half; 
T diaravered if ta he a cansule onlv. :ahaloeous to the. 
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fimbriatum in the cerebellum, and containing white matter. 
The figure of the grey matter I discovered to be different and 
characteristic in the different portions of the cord. In the 
back, the figure of the grey matter is perhaps the most regular; 
in the inferior part alone does the anterior portion of the grey 
capsule, which is indeed elsewhere the larger of the two, acquire 
a strikingly disproportionate magnitude. 

It is easy now to explain why the anterior portion of the 
spinal cord should be most developed at the lower enlargement 
of the cord. The conclusive experiments of Magendie, which 
y See aa long series of inquiries upon this subject, satis- 
actagly establish, that the anterior portion of the spinal cord 
has to do with voluntary motion exclusively, the posterior with 
sensation. But it is in the lower extremities that force of 
muscular action predominates over fineness of sensation, while 
in other parts of the body, and in the upper limbs, these two 
endowments may be viewed as nearly balanced. It is for this 
reason, without doubt, that that part of the cord which gives 
origin to the nerves of the lower extremities is characterized by 
the predominant bulk of its anterior portion, which is measura- 
ble both through the depth of the anterior median furrow and 
by the size of the anterior segment of the grey matter. For the 
supply of the trunk, where sensation and motion are mode- 
rately and equally developed, in which the motions are simple, 
the sensibility uniform, neither portion of the grey matter of 
the cord is large, neither predominant. The fineness of sensa- 
tion and extent of motion of the upper extremities, as both 
exceed what are manifested in the trunk, so do they account 
for the approach to equality, joined with extent of develop- 
ment, observed in the anterior and posterior capsules of grey 
matter in the upper enlargement of the cord. 


SECTION IV. 
Of the Enkephalon. 


The term enkephalon is given to the production of the double 
cord crowned with hemispherical masses, which is contained in 
the cranium. It comprehends the medulla oblongata, the cere- 
bellum, the tubercles, the cerebrum. The lowest portion of the 
enkephalon, the immediate continuation of the spinal marrow, 
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is called the medulla oblongata: in the human brain, this part 
is a cone, 1.3 inches in length. 

I. To accord with common usage, I here employ the medulla 

on in a much more limited sense than it is analogically 
entitled to. Properly, it should comprehend the further pro- 
duction of the double cord to a point at which nerves cease to 
rise. 

The adjoined figure represents the an- 
terior and inferior surface of the medulla 
oblongata and its junction with the spi- 
nal marrow. The markings upon the 
former are different from those upon the 
latter. The disposition of the grey matter 
in the interior of the medulla oblongata 
is considerably more complicated than 
in the spinal marrow. The general cha- 
racter of structure, however, is the same 
in the medulle oblongata as in the spi- 
nal marrow: that is to say, the medulla 
oblongata consists externally of white 
matter, while within grey matter is dis- 
posed in thin layers, which alternate 
with the white, and have a remarkable tendency to form 
thin capsules containing white matter. After maceration in 
alkohol, the grey matter here, as in the cord, is found to be 
granular, the white matter fibrous. 

The first question, which suggests itself, upon looking at 
this important organ, is the exact locality of the part which is 
the “ link that binds us to life,” or upon the lesion of which 
vitality is instantaneously extinguished. This part, judging 
from analogy, is situated about three lines below the inferior 
edge of the pons Varolii, the same distance of course from the 
summit of the medulla oblongata. It is situated therefore well 
within the skull, and securely lodged upon the basilar process of 
the occipital bone. When warm-blooded animals are destroyed 
by pitbing, that is, by dividing the spinal marrow between the 
utias and occiput, this vital part is not touched. Death is in 
this case produced, not as the direct consequence of the local 
lesion, but indirectly through suffocation: ‘The spinal cord being 
cut through above the origin of the plrenic nerves, the animal 
cannot breathe: the blood is therefore no longer oxygenated in 
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passing through the lungs: and when the unchanged blood has 
circulated for a short time in the brain, stupor supervenes, and 
death. There is, however, an appreciable interval of half a 
minute, at least, during which the head of the animal sensibly 
retains consciousness. It is not improbable, that in decapita- 
tion by the guillotine, the head continues conscious for the 
period of a few seconds after its separation from the trunk. 

The next question that occurs, regards the relation of the 
medulla oblongata to the nerves which rise from it. No doubt 
can be entertained that this relation is the same that obtains 
in the spinal cord : like the latter, the medulla oblongata is toa 
gfeatyextent gomparable with the successive pairs of nodules 
that form the central organ of the nervous system in articulated 
animals. Accordingly we see the medulla oblongata, like the 
spinal marrow, varying in size with the nerves that arise from it. 
In fish, in general, the amplitude of the medulla oblongata is very 
considerable. In the common skait [see the figure at page 208] 
considerable processes of grey matter, of a remarkably elegant 
form, rise from the medulla oblongata at the sides of the cere- 
bellum. Their relation to the origin of the fifth and eighth 
nerves is conclusively established by comparing the enkephalon 
of the skait with that of the torpedo. In the latter the fifth and 
eighth nerves are of prodigious size, having to supply the 
electric organs; and the masses of grey matter on the upper 
aspect of the medulla oblongata enclosing the cerebellum are 
proportionately large and voluminous. It may not be unin- 
teresting to remark in addition, that in the enkephalon of the 
torpedo the cerebellum, which is flanked by these masses of 
grey matter, is itself rather smaller than in the skait. 

A third question is the office of the medulla oblongata as a 
transmitting organ. 

All that is received of the ministration of the medulla oblon- 
gata to this office during health is deduced from its anatomical 
structure, respécting which three propositions may be laid 
down. 

a. The greater part of each half of the medulla oblongata, 
that is to say, all but the corpus restiforme and the anterior 
pyramid, is continuous with a tract, which ascends behind 
the pons Varolii to the cerebral hemisphere of the same side; 
and therefore places that cerebral hemisphere in mechanical 
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communication with the nerves of sense and motion of the same: 
side of the body. 

6. The corpus reatiforme, or lateral part of the medulla oblon- 
gata, stretches to the cerebellum, and is incorporated in its 
structure. I was aware, and had described in an earlier edition 
of this work, that the tracts of medullary matter, which under 
the name of corpora restiformia extend upwards to the cerebellum, 
in their descent take in so much of the side as well as of the 
posterior surface of the spinal marrow as to include the poste- 
rior lateral furrow (at which the sentient fasciculi of the spinal 
nerves arise), or to occupy the surface of the cord for about 
three lines on each side of that furrow. Byt I wes not 
acquainted with a very important anatomical fact, which 
Mr. Solly has recently discovered, and described in a paper read 
before the Royal Society, that the anterior fibres of the corpus 
restiforme stretch obliquely forwards so as to be distinctly con- 
tinuous with that part of the cord from which the motor 
fasciculi of the spinal nerves take their origin. It thus appears, 
that by means of the restiform bodies, each hemisphere of the 
cerebellum is placed in mechanical ‘communication with the 
origins of the nerves, both motor and sentient, of its own side of 
the frame. 

c. The anterior pyramid displays in its course or distribution 
a remarkable difference from the rest of the medulla oblongata. 
It consists (like the corpus restiforme) entirely of white matter, 
which again, like the white nervous matter everywhere else, 
1s resoluble into fasciculi, and then into filaments. These fas- 
ciculi may be pursued upwards towards the enkephalon, and 
downwards towards the spinal marrow. When pursued up- 
wards they are found to plunge into the pons Varolii, then to 
separate, ascending still, but diverging slightly, and implicated 
in a remarkable closeness of interlacement with the cross fibres 
of the.pons, which stretch from one hemisphere of the cere- 
bellum to the opposite. 

The adjoined figure represents a preparation made to show 
this and other. points that bear a relation to it. 

A represents the pons Varolii separated by cutting through 
its peduncles, with its superficial transverse fibres so far re- 
moved on the right side as to show the ascent of the fasciculi 
of the right anterior pyramid among ‘the deeper seated ones, E. 
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As the fasciculi of the pyramid continue 
to ascend, they are joined by white fila- 
ments that appear to take an origin in 
the granular grey matter, which occu- 
pies the interstices between the trans- 
verse and ascending fasciculi. The 
augmented series of ascending fibres 
eacapes from the pons at its upper edge, 
and finally spreads itself, diverging fan- 
like into the cerebral hemisphere of the 
same side. ,Thus is the anterior pyramid 
ofyone side placed in mechanical rela- 
tion With the*corresponding hemisphere 
of the brain. 

But if we follow the pyramid in the 
opposite direction, and trace its descent 
towards the spinal marrow, a new and 
unparalleled disposition is found to take 
place. It is true, indeed, that a thin 
layer of the outer filaments seems to 
spread, some to the corpus restiforme, 
some to the anterior surface of the same 
half of the spinal marrow, but by far the 
greater part bend over [commonly in four 
fasciculi of unequal size, the uppermost the largest, and 
decussating obliquely the fasciculi of the opposite pyramid] 
to the opposite half of the spinal marrow, dipping towards its 
centre, into which they plunge in such a manner as to place 
themselves in mechanical relation both with the anterior and 
posterior [or both motor and sentient] parts of the opposite half 
of the cord. 

B represents the left pyramid in its downward course dividing 
into fasciculi, which, crossing obliquely, go to implicate them- 
selves with the central structure, C, D, of the right half of the 
spinal cord. This central structure, in its ascent, reache# X, where 
the fifth and seventh nerves rise. It is supposed, in the dia- 
gram, to be displayed by the removal of the anterior part of the 
right half of the spinal cord and medulla oblongata. 

The decnssation of the anterior pyramids exists I believe in 
all vertebral animals. I have seen it in the ox, the horse, the 
ass, the monkey, the dog, the kangaroo, the porpesse; and al- 
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though beyond these instances I have kept no written noted 
recording the fact, to the best of my recollection I have like- 
wise seen it in birds, and in reptiles, and in fish. 

The use of this remarkable transposition in the healthy ceco- 
nomy is unknown. But the idea has long been prevalent that 
it plays an important part in cerebral disease, and that it has to 
do with the phenomena of hemiplegia dependent on injuries or 
disease of the enkephalon. It is a pathological Jaw, that when 
a lesion of the cerebrum or cerebellum is limited to one side, 
and is of a nature to produce palsy, that palsy manifests itself 
on the opposite side of the body. I think I have successfully 
shown the manner in which the decussation of the anterror 
pyramid contributes to the production of this ‘phenomenon. 
The theory which I have advanced, the reader will find ex- 
plained at greater length in my Outlines of Pathology; the 
following are its elements. 

1. When a cerebral lesion produces palsy, it cannot be sup- 
posed to act by interrupting the customary supply of cerebral 
power to the spinal marrow. For if it did, the removal of one 
hemisphere of the brain, or its lateral compression in an animal 
{from which a large part of the cranium has been removed ], should 
produce hemiplegia; and an acephalous infant, or an animal 
with the cerebrum and cerebellum removed should be completely 
palsied, which is contrary to fact. Another consequence of this 
mode of influence, if it existed, would be, that in palsy strokes 
the parts the most remote from the brain would have their 
supply of nervous energy soonest cut off, which again is con- 
trary to fact; inasmuch as the arm is in almost every case 
struck first and more severely than the leg, and when recovery 
takes place is slowest in being restored. 

2. But if the cause of the palsy be supposed to be [as I 
conjecture], an actively depressing influence, propagated from 
the diseased brain to the nuclei of the segments of the me- 
dulla oblongata and spinal cord, the difficulties which attended 
the explaffation under the first hypothesis are done away with, 
It is edsy on this suppositionto explain why the arm should 
be first smiftén and most severely, and why the leg, if smitten 
at all, should be the first to recover. If the reader will refer to 
the diagram he may observe, that the fascicult of one pyramid 
being produced into the centre of the summit of the opposite 
half of the spinal marrow, are implicated in the closest manner 
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with its structure. A shock transmitted through them would, 
it may be presumed, tell with the greatest violence where it 
would first fall, namely, on the segment of the spinal cord 
which originates the nerves of the neck and arm, and would 
tell down the cord in a proportion lessening with the distance 
from the insertion of the decussating fibres of the pyramid. 

3. But how can such a shock so transmitted affect the nerves 
of the face on the opposite side to the cerebral lesion. The 
reader will see represented in the same diagram the ascent of 
fibres, from the point of implication of the fasciculi of the pyra- 
mid with the nucleus of the opposite half of the cord, towards 
the pons Varolii; the letter X is placed near the point of origin of 
the p8ttio dura of the seventh nerve, the muscles supplied by 
which are so commonly paralyzed in cerebral disease. Is it 
surprising that the palsying shock falling at a point so near 
this, and in continuity with it by reflected extension of nervous 
fibrils, should propagate its depressing influence upwards, and 
paralyze the seventh, the eighth, the ninth, the fifth nerves, one 
orall? But nothing is commoner than these very incidents in 
hemiplegia, occurring alone or in conjunction with palsy of the 
arm. The lower extremity on the one hand, the orbital appa- 
ratus on the other, are the points of extreme remoteness from 
the centre, at which I have supposed the palsy shock to be 
delivered. It is certainly remarkable, and consistent with my 
hypothesis, that these parts should be proportionately so much 
seldomer affected than the face and arm. It has been objected 
to this theory, that in hemiplegia from cerebral disease, the 
leg is sometimes affected alone, or in a greater degree than the 
arm. If this occurrence were frequent, it would invalidate my 
hypothesis. Occurring as it does very rarely, it admits of 
many explanations, one of which is the following. Suppose 
the spinal cord to be predisposed to paraplegia, then the hemi- 
plegic shock supervening and being slight, the phenomenon 
to be accounted for would naturally ensue. 

4. But how is the fact to be accounted for, that lesion of one 
hemisphere of the cerebellum produces palsy of the opposite 
side? The reader will observe, on referring again to the 
diagram, the representation of a most close proximity and in- 
tertexture of the transverse fibres of the pons Varolii with 
those of the anterior pyramid in their progress through it [ER] « 
closeness of interlacing nearly resembling that which. obtains 
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in the spinal cord at the mixture of the filaments of the 
pyramid with it. Is it too bold an hypothesis to suppose, that 
where there is lesion of the cerebellum, the shock which it 
originates is capable of affecting through that closeness of 
interlacing the fibres of the pyramid of the same side, 
which being thus struck, carry the palsying influence down- 
wards to the point of decussation ? 

Such are the heads of the hypothetical solution which I have 
proposed of the transmission of palsy to the opposite side of 
the frame. For the explanation of many of the attendant phe- 
nomena of great collateral interest, and a fuller exposition of 
what I have here stated, I refer the reader to my Outlines @f 
Pathology. 

Magendie found that division of the anterior pyramids, one 
or both, in animals, produced no further effect than a slight 
impediment in their movements forward; and that division of 
the entire half of the medulla oblongata produced palsy of the 
same side of the body. 

Il. The part of the enkephalon which is immediately super- 
imposed upon the medulla oblongata, is the cerebellum. 

The cerebellum in mammalia consists of three portions; the 
two lateral hemispheres namely, and the vermiform processes. 
In man, in monkeys, in the cetaceous mammalia, but in these 
alone, the lateral hemispheres are larger than the vermiform 
processes. The structure of the hemispheres and of the vermi- 
form processes is the same. Its principle is seen upon making 
several vertical sections of a recent cerebellum. The appear- 
ances presented by either surface of such a section is termed 
the arbor vite; it shows the central part of the cerebellum to 
be composed of white nervous matter, which divides into thick 
plates (or branches as they seem in a single section) which 
subdivirle into thinner plates of white matter. Over the final 
subdivisions one uniform layer of grey matter #s of an inch in 
thickness’ ie’ disposed. Or the structure of the recent cere- 
bellum miay be thus imagined: one has to suppose a consi- 
derable quantity of thin grey nervous matter regularly folded 
in parallel ‘plicee,: inelosing spaces, and the interior filled with 
white nervous matter. 

We owe #9 Professor Reil the true analysis of. the structure 
of this part: ‘his’ papers on the ‘cerebellum are contained in 
the volumes of his Archiven fiir die Physiologie, published in 
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the years 1807-8. TI will not enter into the claims of Gall 
and Spurzheim as to the origination of this vein of inquiry. 
If Reil, which I think by no means proved, received from these 
anatomists his first notions of the structure, which he after- 
wards unfolded, it is at all events certain that he pushed his 
researches much further than Gall and Spurzheim, and that he 
obtained a physical demonstration of the correctness of the 
opinions which he advanced, which they had not arrived at. 
He discovered facts of structure which Gall and Spurzheim 
did not display ; and whereas the latter relied upon a mode of 
dissection Which was extremely liahle to mislead, Professor 
Kil gdopted,a method which gave his results absolute cer- 
tainty, and subjected them to positive proof or disproof. 

The method employed by Reil consisted in hardening the 
nervous and membranous structure of the enkephalon Ly mace- 
ration in alkohol before dissection. Treated in this manner, 
the white nervous matter is brought to a consistence, in which 
it admits of being easily separated into threads and fasciculli, 
the disposition of which is easily verifiable. It is not every 
brain, however, that is fit for this proceeding. The best are, 
from persons under or about middle age, .which have not been 
the seat of effusion; they should be taken from the cranium 
within a few hours after death. The mode of preparing the 
brain, is to place it inmediately after its removal in a basin of 
water, and with forceps to draw off the arachnoid membrane 
and pia mater: the water should be changed once or twice 
during this process (which occupies about a quarter of an 
hour) in order to get out the blood. The brain should then be 
transferred to a basin containing spirits of wine, in which it 
should stand for twenty-four hours. At that time the spirit 
requires to be changed, and once again at the expiration of a 
week. If the spirit is not thus changed the brain softens, and 
undergoes a kind of putrefaction. The induration proceeds 
from the surface inwards: the thinner portions, such as the 
medulla oblongata, are sufficiently hardened in a few weeks ; 
the cerebellum in two or three months; the cerebrum requires. 
half a year for the coagulation of its substance to reach the. 
centre. However, the process may be accelerated by com- 
mencing the dissection as soon as the surface hes hardened, 
and thus letting the spirit of wine earlier and. mone easily; into 
the interior. This was the method, which, in his later diesec- 
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tions, Professor Reil employed. But it is evident that it would 
not suit.a learner. A master only could judge how far he might 
proceed in this manner without risk of spoiling the evidence of 
stracture in progress of being unfolded. 

It has been sometimes urged as an objection to this method, 
that the structure which it brings to light may be an artificial 
result of chemical coagulation. There are, however, three 
satisfactory answers to this objection. The structure elicited 
is a fibrous structure, composed of a mixture of nervous matter 
and membrane : this is consistent with the analogy of struc- 
ture in other parts of the nervous system. There are parts of 
the enkephalon, the medulla oblongata, and corpus callesuin, 
for instance, where such a structure is already distinguishable 
in the natural state: and the first effect of the spirit of wine on 
the brain macerated in it is to make that structure come out all 
the more distinctly and strongly. Finally, whether the brain 
be macerated whole, or first cut in pieces and afterwards 
exposed to the influence of the spirit, the disposition of the 
fibres in the same part is found to come out in either case 
exactly the same. 

Examined after this mode of preparation has been used, the 
cerebellum displays the following structure. 

The superficial folded layer of grey substance remains gra- 
nular, forming one expanded sheet, which there can be little 
doubt, like the grey and folded retina, in which the optic 
nerve terminates, is the most highly endowed part: the white 
matter which it encloses is doubtless nervelike in function as 
in structure; it consists of threads, the office of which must be 
to transmit influences to and from the folded grey matter. The 
white ‘matter tears first into broad plates or fasciculi; these 
again’ tear into, filaments, which appear likely to be divisible 
even: ‘beyond the point to which the eye can follow them. 

]. One ééties is peripheral, and is placed immediately be- 
low and parallel | to the folded grey matter. In the adjoined 
diagram thefilaments which compose this series are repre- 
sented. by ciitved lines, extending from the lamine of one side 
of a lobule ‘to the neighbouring lamin of the lobule next 
adjacent. They may serve to. convey the following idea. Dis- 
posed paraliel to the surface, they connect together near and 
remote parts of the folded grey matter of the same hemisphere. 
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Those nearest to the surface stretch from one lamina to the 
next: those which follow connect in succession laminz more 
remote ; till finally, threads of communication have been drawn 
under the whole periphery of the same hemisphere, connecting 
its most remote parts together. 

2. A second order of fibres is that marked 1 in the figure; its 
production towards the median plane forms the transverse fas- 
ciculi of the pons Varolii; this part of the series of fibres alone 
isgiven in the diagram. The pedicle of the pons is there re- 
presented as truncated a little before its entrance into the 
cerebellum, in which its expansion forms the outer part. of the 
white nucleus or stem of the arbor vite; followed to | its 
furthest extent, its filaments are found to diverge and to spread 
to the lateral amd upper parts of the cerebellum, where they 
reach the grey matter, passing in their terminal course between 
the filaments that form the first order of fasciculi. deéeribed. 
The office of the second series is to form the great commissure 
[or Pons Varolii] by which the grey layers of the tyo hemispheres 
of the cerebellum-are placed .in mechanical commypica sion. 

3, The third ‘ series of fibres (2 in the figure). of the white 
nucleus of the ie is the production. of the: 
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restiforme, which ascending and diverging, likewise distributes 
its filaments to cineritious matter, and principally to that of the 
upper parts of the cerebellum. In the diagram, the decussa- 
tion with, or penetration of these fibres between the first series 
of filaments is represented. The office of this series is to place 
oné hemisphere of the cerebellum in communication with the 
same side of the spinal marrow. 

4. The fourth series of fibres and the innermost, which com- 
pletes the stem of the arbor vite, is derived from the cerebrum; 
it is commonly called the pillar of the valve of Vieussens. 
Traced downwards from the cerebrum, it is found to be dis- 
tributed principally to the grey matter of the under surface Uf 
the cerebellum. The white matter of the corpus fimbriatum is 
formed of part of this series; the filaments which enter that 
body at its fore and inner part, where it is open, seem in part 
to perforate its capsule and go beyond, in part to terminate in 
it. This fourth order of fibres has for its office to associate one 
hemisphere of the cerebellum with the cerebrum of the same side. 

It is impossible not to anticipate that the knowledge of these 
anatomical facts will lead eventually to the determining with 
precision the functions of the cerebellum. What is wanted is 
a careful accumulation of instances of partial lesion of the 
human cerebellum, with the mental and bodily phenomena that 
have been associated with them, Such observations could not 
be made till something like structure had been discovered, and 
the physical connection of the different parts of the organ had 
been determined. How much knowledge is likely in time to 
be elicited by such a course of observation, is sufficiently clear 
from the following collection of results recently obtained by 
experiments on animals, and already to a certain extent con- 
firmed by pathology. 

The 'removal,of the cerebellum in fish produces no further 
immediate effect than that of weakening the animal; frogs 
from’ which ‘this organ is removed, show an Gndieposition to 
move unless irritated or placed in water, when their movements, 
though less rely tleten before, are not observed to be otherwise 
affected. oe 

In birds aiid mammalia more eportant results ensue upon 
the injury’ or removal of the cetebellum, ‘which it may be 
remarked appears not to be sensible to pain from mechanical 
lesion. eae 5 cate 
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If the cerebellum is wounded upon one side, the animal 
appears to be generally weakened upon the same side: if the 
wound is deep, the body upon the injured side, according to 
Magendie, is rendered paralytic. If in a rabbit the upper and 
iniddle portion of the cerebellum is removed, the hind legs are 
observed to be spread, the fore legs are extended forwards in a 
state of rigidity: the whole attitude is that of preparation for 
moving backward or throwing itself over. After a short time 
the animal beats the ground with its fore paws, the hind legs 
not moving, and urges itself backwards. If the tail is pinched, 
the animaf thus excited still exerts its fore legs only, and con- 
tfnugs moving backwards. A deeper incision causes the animal 
to fall upon its side, the head is drawn backwards in a state of 
tension, the feet, and especially the fore feet, which preserve 
their rigid extension, are moved with violence. 

The flight and the walk of pigeons are not affected by the 
removal of the upper part of the cerebellum. After a deeper 
section has been made, the bird totters, falls on its breast, 
rises again, and is in continual agitation. A deeper section 
still, causes it to walk and to fly backwards. After the entire 
removal of the cerebellum, the bird when irritated walks almost 
as usual; when thrown into the air, it moves its wings regu- 
larly, and alights upon its feet. A few minutes afterwards the 
legs become ngid, but the wings still move regularly if the 
bird be again thrown into the air: the legs remain in a state of 
tension, and the head continues drawn backwards till death. 
M. Fodéra saw all these phenomena succeed each other in the 
same bird, but each may be immediately produced by the fit 
incision, M. Magendie mentions the case of a young woman, 
who is affected with a nervous malady that forces her to run 
rapidly backwards, disregarding every peril. 

The simplest explanation of the phenomena above deucribed, 
is to suppose that an injury of the cerebellum to a certain 
depth produce# a sensation analogous to vértigo; that the - 
animal conceives itself either to be hurried forward, and makes 
a more or less perfect exertion to repel the imaginary ‘force, or 
tu be moving backward, and moves its limbs to a certain degree 
in correspondence. Either of these suppositions,- which’ reat 
upon analogy, appear more hkely to be just than the hypothesis 
that an animal exists under the influence of two impulses, 
one urging it forward, the other backward, and that the ergan 


230 Experiments on the Cerebellum. 


of one impulse is removed on the partial destruction of the 
cerebellum. 

M. Fodéra found similar phenomena to be produced upon 
the injection of a solution of camphor in oil into the abdomen 
in animals, either before or after the removal of the cerebrum, 
and‘ remarked that they became more intense on removing a 
part of the cerebellum. 

Lateral pressure of the cerebellum produces no effect that has 
been observed. 

M. Magendie found results not less unexpected ensue upon a 
vertical division of the cerebellum, the crura cerebelti, and the 
pons Varolii. « # 

If in a rabbit a section is made exactly in the median plane 
through the middle portion of the cerebellum, the eyes of the 
animal are observed to be in extraordinary agitation, and as if 
starting from their sockets; the animal inclines towards one side, 
then is suddenly thrown towards the opposite, as if unable to 
balance itself with precision: its fore legs are rigidly extended 
forwards, as if it were in the act of receding. 

If a vertical section of the cerebellum is made, leaving one- 
fourth of the whole adhering to the crus of the right side, and 
three-fourths to the left, the animal rolls over and over inces- 
rantly, turning itself towards the injured side. The right eye 
is directed downwards and forwards, the left eye upwards and 
backwards. On making a similar section upon the left side the 
animal stops, and the eyes resume their natural direction. 

M. Magendie was led to this discovery by accidentally 
dividing the crus cerebelli in a rabbit, upon which the same 
phenomertion eccurs as upon dividing the cerebellum unequally. 
For eight days that this animal survived the injury, it con- 
tinued to revolve upon ita long axis unless stopped by coming 
in contaet with an obstacle: when stopped, it ate upon its 
back with its mouth upwards. If the opposite crus is subse- 
quently divided , the movement produced by the first experiment 
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See antema.t ‘is divided unequally, so as to produce a 
constant revolution towards the mutilated side, and the oppo- 
site crus cerébelli be subsequently cut through, an equilibrium 
is not produced, but the animal Hegins to revolve towards the 
side on which the crus is divided. 

The whole of these phenomena até’ probably attributable 
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to @ sensation analogous to vertigo: this conjecture at least 
appears strongly confirmed by the following case narrated by 
M. Serres. 

A shoemaker sixty-eight years of age, of intemperate habits, 
after a debauch exhibited a kind of drunkenness which sur- 
prised his friends; instead of seeing objects turn around him, 
he seemed to himself to be turning, and in a few moments 
commenced revolving: placed in bed he continued to manifest 
this tendency till he died. Upon examining the head, an 
extensive lesion was found of one of the peduncles of the 
cerebellum, 

II. The next part or series of parts in the investigation of 
the “tnkephaion, is the aggregation of tubercles, which are 
placed upon the crus cerebri; these are the corpora bigemina 
inferiora and superiora, and the optic thalamus. These have to 
be viewed in three relations ; first, in reference to the origin of 
nerves ; sccondly, in reference to the formation and structure 
of the cerebellum ; thirdly, in reference to the singular effects 
of their lesion, which add prodigious value to the facts last 
described. These effects are the following. 

It is to be remembered that the tubercles placed between the 
cerebellum and the cerebrum, in part give origin to the optic 
nerves, in part send fibrils to the cerebrum. 

On injuring the optic tubercle of one side in pigeons, blind- 
ness ensues of the opposite eye; and reciprocally on dividing 
one optic nerve, the under surface of the opposite tubercle, to 
which the nerve adheres, is found in a few weeks. to waste. 

On injuring deeply the optic tubercle in birds and mam- 
malia, when the greater part of the brain, especially its base, 
has been left entire, the animal in. flight or in its walk 
moves continually round towards the same side. In serpents 
and frogs the movement thus produced is towards the opposite 
side. 

Pain and cogvulsive movements are eprodeces by weneine 
this part of the enkephalon. 

' II. The cerebrum displays a structure exactly soniparabis 
to that of the cerebellum, and something ‘more. Or the upper 
part, that is to say, the convolutions and the white matter 
which they immediately contain, have the strictest correspiond- 
ence with the grey matter and four orders of white fibres in the 
cerebellum. Below these are other parts, which as better be 
first disposed of. 
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The reader is then to understand that the crus cerebri [the 
stalk on which, mushroom-like, each hemisphere of the cerebrum 
stands}, is composed anteriorly of white fasciculi which are 
derived:.in part from the anterior pyramid, in part from the 
fibres which, originating in the grey matter of the pons Varolii, 
aseociate themselves with the pyramid. Behind this anterior 
and inferior crust of strong white fasciculi, a greyish layer alter- 
nated with white is placed: this is the production of the re- 
maining part of the medulla oblongata, A thin layer of black 
matter, however, intervenes between it and the white crust; and 
the pillar of the valve of Vieussens passes it obliquely on the 
outside, making its way to the black stratum*. Above ayd 
at the back of these parts are placed the tubercles. These are 
masses of cineritious matter, the general structure of which is 
granular, at the same time that they are disposed to peel like 
an onion into concentric lamine of loosely coherent substance. 
In one point they concur; fasciculi are produced from all of 
them which ascend, increasing the mass of fibres which are 
bending towards the interior of the hemisphere of the cerebrum. 
The tubercula bigemina are remarkable for their small size in 
man ; in quadrupeds, they are actually as well as relatively 
larger; in the sheep, for instance, they have three times the 
volume of the same parts in the human brain. On the other 
hand, the thalamus in man is larger. 

The thalami and the corpora striata are analogous parts, 
which crown in succession the ascending fibres, which we have 
traced thus far. Both of these parts have more or less the 
figure of a horseshoe, through the hollow of which the ascending 
fibres pass: but with this difference; the thalamus is the 
lowest of the two, and is a horseshoe open forwards; the corpus 
striatum situated above the other, has its perfect or closed con-~ 
vex end forwards, and is open behind. Both of these bodies 
are composed of grey matter; but the thalamus is of a lighter 
colour. Again, the corpus striatum is granulag and structure- 
less. The {balamus } is granular, but like the lower tubercles 
peels into concentri¢ lamine. Both of these parte furnish a 
large augmentation” of white fibres to form the ample white 


* The reader is referred to the diagram of the origins of the cerebral 
nerves, in section VI of the present chapter, . .for a representation of some 
of the facts here mentioned ;. and to a folie fasciculus of plates of the 

| and spinal marrow by the author. 
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nucleus of the cerebrum, which corresponds with the arbor 
vite in the cerebellum. 

We may now analyze those parts of the cerebrum which have 
their analogues in the cerebellum. And first, the cerebrum is 
everywhere overlaid with folded grey matter. But this grey 
matter is not a simple layer, but consists, first, of an internal 
stratum, ws of an inch in thickness; secondly, of an outer stra- 
tum, that is s$0; there being, thirdly, interposed between the 
two a stratum of white matter gis of an inch in thickness. I 
have remarked that this division into three strata is very dis- 
tinct in the posterior convolutions, but is aly faintly traceable 
ig the middle and anterior. 

There then follow four orders of white fibres. 

1. A series like the peripheral series in the cerebellum, of 
which the mechanical office is to connect together both near 
and remote parts of the grey matter of the same hemisphere. 

2. A series analogous to the fasciculi of the pons Varollii, 
which stretch across from one hemisphere to the other, from 
grey matter to grey matter. These, where they meet, consti- 
tute the commissura magna cerebri, or corpus callosum. Like 
the fibres of the pons, they are easily followed to the upper 
and outer part of the hemispheres, but do not extend in equal 
quantity to the under surface. 

3 & 4. Fasciculi which extend from the medulla oblongata, 
and from the cerebellum, reinforced from the tubercles, and 
spread divergently to the grey matter of the entire circumference. 
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In the diagram at the foot of the preceding page, I have 
figured a partial view of these four orders of fibres, as they 
may. be, seen on a vertical transverse section of an hemisphere 
of a hardened ‘brain near its middle. 

At the circumference, about the middle of the figure, one set 
of the peripheral white fibres is indicated by concentric lines. 
The letter C is placed upon the great commissure, fasciculi of 
which are delineated, that may be followed into the upper con- 
volutions of the hemisphere; the fibres which are figured 
between A and B, are the ascending fibres from the crus 
cerebri. A and B represent the section of the inney and outer 
portions of the corpus striatum. The letters E re are in the 
situation of the lateral ventricles. 

There is a part which this figure is intended especially to 
explain, the structure of which it is very difficult to unravel. 
That part is situated at the upper border of the corpus striatum, 
where the divergent fibres that have ascended from the crus, 
mingle with and decussate the fasciculi of the great commissure. 
Perhaps I am speaking of the structure of this part too con- 
fidently,—although the view which I have adopted is that of 
Gall and Spurzheim [Reil speaking with great caution and 
doubt upon the subject], and has been borne out by repeated 
dissections of my own, from one of which the above figure is 
taken ;—for a very eminent cerebral anatomist entertains a 
different notion of the formation of this part. 





The adjoined figure [which is a corresponding section to the 
last) 1 took from a preparation, which Dr. Foville made in my 
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‘presence. It went to show, what Dr. Foville believes to be the 
fact, that the great commissure has nothing to do with uniting 
the circumferential parts of the hemispheres. He finds that 
in a firm fresh brain, if the inner convolutions of the hemi- 
sphere are'raised from the great commissure [C in the figure], 
and the white substance exposed is slightly fissured by the 
nail, it gives in a remarkably even rent, which runs down 
between A and B [the inner and outer portions of the striated 
body], and may be pursued as far as the crus cerebri. The 
result of this disseetion, if it be a true one, is to convert the 
great comfnissure from being the uniting fasciculi of the two 
htmispheres into a sort of crowning yolk or jugum to the pro- 
duction upwards of the medulla oblongata. In such a case, of 
course what one may conjecture to be probable goes for little: 
still it is something against Dr. Foville’s dissection that this 
disposition of parts would be unanalogical. The cerebrum, 
which has so many parts in correspondence with parts of the 
cerebellum, would then want the most striking feature of all, 
the analogue of the pons Varolii. What enables me to dis- 
believe the correctness of Dr. Foville’s demonstration is, that I 
think I see in what his error originated. If the reader will refer 
to the last diagram, he will observe, at the part where I have 
represented the fasciculi of the great commissure decussating 
the divergent fasciculi, a dotted line drawn, which gives the 
course of the rent, which Dr. Foville so dexterously produces 
in the recent brain. That rent I believe to be produced by 
the rupture of une of the two sets of fibres that I believe here 
exist (of that namely which extends from the great commissure 
into the hemisphere), and by favouring and following the course 
of the other series. However, Dr. Foville’s authority is so 
great, that with others there will probably exist a doubt upon 
the subject, which each one must settle for himaslf by repeating 
these dissections. 

As the cerebrum is complicated by the tubercular parts at 
its base, so is it further complicated by certain commissural 
bands of fibres which these parts throw out. Of these there 
are no less than three that are ajl connected with the thalami: 
one will be afterwards figured, as it exists in the mole: it. forms 
a semicircular band of union between the two thalami, being 
in human beings the posterior fasciculus of the optic tracts; a 
‘wecond forms the posterior commissure, stretching likewise from 
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thalamus to thalanius;. the third, originating in the grey matter 
of the upper part of each thalamus, passes as a white cord 
through it, and appears at the base of the brain; where having 
emerged and made an abrupt turn [which is called the corpus 
albicans], it re-enters the grey matter, ascends to the fore part 
of the lateral ventricle, then bends backwards along its floor, 
where the two are joined, under the name of the fornix, and so 
a third time unite the thalami: afterwards, as posterior crura 
of the fornix, the two leave each other, and in a circular sweep 
outwards, downwards, and finally forwards, expand into the 
grey matter of the fore and under part of the middle lobe, thus 
uniting that part with the thalamus of its own side. The savhe 
part (the fore and under part of the middle lobe) is again 
directly united to the same part of the opposite side by what is 
called the anterior commissure, which in its course has to pass 
through the highest of the tubercular parts, for such the striated 
body must be considered. 

The phenomena which have been obtained by experiments 
on the cerebrum are full of interest in connection with those 
. which have been described of the other parts of the enke- 
phalon. 

When the cerebrum has been removed in frogs and fish, they 
continue for a time to exhibit voluntary motion if roused. 

When the upper part of the cerebrum is removed in birds and 
mammalia, the animal becomes blind, and appears stupified ; 
but if it is roused, locomotion is performed with steadiness 
and precision; the animal walks when pushed, or if a bird, 
flies when thrown into the air. No further result is produced 
by the additional removal of some of the grey matter of the 
corpus striatum: but when a section is carried through the 
striated part, the animal springs forward, and continues to 
advance in a straight line till it meets an obstacle, when it still 
preserves the attitude of one advancing. . This result ensues 
when the experiment is performed upon dogs! cats, rabbits, 
‘Guinea pigs, hedgehogs, and squirrels: the latter only in ad- 
vancing cross their fore legs as in the action of climbing a 
branch, and if a stick be placed in their embrace, they 
ascend it. a 

Upon making lateral pressure on the hemispheres of the 
brain, no effect has been observed to ensue. Upon making 
vertical preagure upon the brain stupor takes place, which is 
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attributable to the compression of the medulla oblongata. It 
deserves remark, that when vomiting has been excited by an 
emetic substance, it is arrested by pressure made upon the 
medulla oblongata. 

Reil describes his having examined the head of an idiot 
thirty years of age, who had been employed in the little traffic 
of neighbouring villages, in whom the middle part of the 
corpus callosum was entirely wanting, from an original mal- 
formation, as it seemed; for the convolutions were complete 
where a corpus callosum ought to have emerged to join the 
inner surfate of the hemispheres. 

Wtjhas been long known that a serous fluid is contained in 
the ventricles, and that the same is frequently found in greater 
or less quantity upon the surface of the brain as well as in the 
theca vertebralis; but till lately physiologists have been in- 
clined to regard this fluid as a product of disease. M. Ma- 
gendie has however recently shown that aqueous fluid uniformly 
exists in animals in full health, upon the surface of the brain 
and spinal cord and in the ventricles. This fluid serves to fill 
up the interstices which are left between the irregular surface 
of the nervous matter and the more even and spacious surface 
of the chambers which contain it, so as to support with an equal 
pressure the whole superficies of the brain and spinal cord. 
When this pressure is suddenly taken off by letting out the 
water, M. Magendie found that animals are affected with dul- 
ness and stupor: after twenty-four hours they are found to 
have recovered, the fluid having been reproduced. Jn two 
instances a contrary effect ensued, and for two or three days 
the animals were in a state of continual agitation and fury. 

The water in the ventricles of the brain was supposed to 
be secreted by the pia mater which forms their lining mem- 
brane: upon the surface of the brain it was known to be con- 
tained between the arachnoid and pia mater. M. Magendie 
discovered that’ the water upon the spine is likewise interposed , 
between the same membranes: and described the channel; 
by which it flows from the fourth ventricle upon the spinal 
marrow ; and proved by experiment the ready passage which a 
liquid may find from any point where this water is found. © all | 
me reat *. 
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of the elinlinis of the Magnitude and Figure of the Enkephaton 
to Mental Development. 


rg Bi 


it does not admit of a doubt that the brain is the famedete 
organ of the higher mental endowments. The spinal marrow 
and the medulla oblongata are experimentally shown to be 
sufficient for sensation, instinct, and volition. The expanded 
cerebral masses with which they are crowned are tue material 
parts, in which are seated reflection, moral impulse, and reasgn, 
which being awakened and fed through the senses, guide the 
will. 

What, we are naturally led to inquire, are the relations of 
the higher mental endowments to these parts of the enkephalon ? 
What are the conditions which render the one a fit recipient for 
the other, or which determine what kind of mind shall be deve- 
loped in each species of animals, or in each individual human 
being ? 

In the first place, it does not appear that a greater quantity 
of brain necessarily goes with mental superiority. Were this the 
case, the whale and the elephant, whose brains are actually larger 
than the human brain, should have more than human reason ? 

Neither does the relative weight of the brain to the whole 
body appear to be the measure of mental superiority. The 
weight of the human brain is ws only of the weight of the 
entire frame, while that of a canary bird is ve. 

Neither even in conjunction with parity of form and structure 
does the last relation appear of any value. The eagle probably 
is as sagacious as the canary bird; but the weight of the brain 
of the eagle is only stv of its entire weight. 

The same instances are sufficient to prove that the relation of 
the size of the brain to the weight of the spitial marrow and 
nerves does not determine the quality or extent of the mental 
endowments: 

Is there, It may next be asked, any difference in the mate- 
rial of differént brains? It is far from improbable that this’ 
may be the.case; and that a difference of texture may he 
one of the elements by which the quality of mind connected 
with different brains may be determined, M. Magendie men- 
4iane that in aged nersons. in whom of course the mind has lost 
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something of its strength and vigour, the specific gravity of the 
brain is 15 per cent. lighter than the brains of persons in middle 
life. On the other hand, no difference has yet been discovered 
in the quality of different healthy brains: and the brains of all 
animals in colour and consistence are remarkably like = 
other, and like the human brain. 

Another point, which has to be considered, is the greater 
or less complexity and difference of arrangement of the com- 
ponent parts of the brains of different animals. And it certainly 
appears, that although examining this relation does not lead to 
any positive result (so many contradictory circumstances turn- 
ing yp in following it out), yet that upon the whole some- 
thing like such a proportionate difference in the structure of 
the organ may be shown to exist, as may reasonably account 
for the difference of endowments. 

The brains of fish [which is the lowest point in the scale at 
which we find adequate materials of comperison with the human 
brain], favour the idea, that complication of parts has to do 
with superiority of function. A fish’s enkephalon, as we have 
seen, consists of little more than successive pairs of grey no- 
dules, a pair for each pair of nerves or set of neighbouring 
pairs; as if there were a separate brain, or place of mental 
digestion for the impressions received by each cerebral nerve of 
sensation, and which issues the few impulses which that class 
of sensations excites in fish. Any general comparison of ideas 
or impressions being probably beyond the animal’s powers, no 
common sensorium is established, the grey nodules being only 
lightly linked together by white nervous fasciculi. Or, as typify- 
ing a separate sensorium, a cerebellum is found in all fish; and 
in some, as in the carp, an anterior pair of nodules is likewise 
found, which may be called a cerebrum, not to mention the 
corpora mammillaria, and the pituitary gland, which are rela-~ 
tively of great size. When we contrast with the little and almost 
separate nodules of the fish’s brain the human enkephalon, we 
are struck with the vast superiority of organization in the latter. 
For in the human brain, in the first place, the cerebellum. has 
a wonderful amplitude of structure ; instead of being, as in the 
fish, a nearly smooth layer of grey matter lined with white,:i 
presents an enormous complication of parallel laming, an arga-- 
nization physically perhaps as superior to the fishes’, as human 
reason is to a fish’s instinct and cunning. | The next parta in 
the fishes’ brain, are the optic and the olfactory tubercles. 
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These parta we recognize in the human brain, the first as ex- 
panded into the lower tubercles and the optic thalami, the 
second'as expanded irifo the striated bodies. These bodies give 
organs in human beings as in fish to the nerves of smell and of 
vision ; but they are relatively larger in man than in fish, and 
instead of completing the cerebral structure, as they do in fish, 
they give origin to a new organization, throwing out a prodigious 
number of white fibres, which joining with others produced 
from the spinal cord, expand to form new and larger and volu- 
minous masses, the cerebral hemispheres. An enormous organ 
is thus superadded in man to the elements of the skait’s brain, 
to which superadded part the general analogy of structwre 
throughout the nervoug system makes it certain, that impres- 
sions are conveyed by the divergent fibres of the hemispheres, 
to be there the source of new mental affections, the resulting 
influences of which are to be retransmitted to the origins of the 
motor nerves to determine deliberate action. 

It happens, however, that the progressive links which inter- 
vene between the brain of fish and the human brain, interfere 
to lessen the plausibility of the conclusion to which the pre- 
ceding observations tend. For although in reptiles and in birds 
the cerebrum does not manifestly reach a much higher type 
than in fish, or show the distinct superposition of a new 
organ, or at all events in any preponderating mass or volume, 
yet in mammalia all the parts formed in the human brain make 
their appearance, and in several genera approach with great 
closeness to the type of the human structure. 

It will, however, be asked, is there not in these intervening 
cases a corresponding improvement going on, a perfectioning of 
the mental endowments? Is there not in the genera, whose brains 
appreach nearest the human brain, the closest approach to 
human nature? And is there not after all a prodigious differ- 
ence left between the brains of all animals and the: human 
brain ? 

To answer these questions seriatim, it may be first admitted 
as true in the main, that in the successive classes of vertebral. 
animals upwards there goes with the expanding brain a sensible 
mental improvement. 

Nevertheless, there are some striking instances in which 
the progression of organization does not seem to carry te ie 
‘any thing like a proportionate mental advance. 

besides béine 
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of large size, are nearly as complicated as those of human beings ; 
they might therefore be expected to manifest a remarkable and 
distinguishing degree of sagacity.- Endowed with a cerebrum 
and cerebellum approaching nearly in complexity and relative 
size to that of man, the dolphin ought to resemble in his habits 
one of the transformed personages in eastern fable, who con- 
trived to betray under a brute disguise their human endow- 
ments. Something there should be very marked in his deport- 
ment which should stamp his essential diversity from the fishes, 
in whose general mould he is cast. His habits too, not shun- 
ning human society, render him especially open to observation; 
and the class of men who have the constant opportunity of 
watefting his gambols in the deep are famed for their credulity, 
and delight to believe in the mermaid, the sea-snake, and the 
craken. Yet the mariner sees nothing in the porpesse or the 
dolphin but a fish, nor distinguishes him, except by his unwieldy 
bulk, from the shoal of herrings he pursues. The dolphin, 
in truth, shows no sagacity or instinct above the carp, or the 
trout, or the salmon. The latter even, which have but the 
poorest rudiment of a brain, are probably his superior in wari- 
ness and cunning. 

The force of this striking instance, however, is materially les- 
sened by the following considerations. In the first place we are 
not certain that the dolphin and the porpesse do not approach 
towards human feeling and reason considerably nearer than 
fishes. In the second place, the brains of these animals, al- 
though extremely complicated, display a marked difference in the 
arrangement of the cerebral convolutions, which are remarkably 
narrow and shallow. And finally, itis far from improbable that 
the brain has two relations, one only of which has to do with 
the mental development of the animal, while the other may bear 
a proportion to the degree of perfectioning of his physical frame, 
which, as it will appear in the sequel, is in part maintained in 
wholesome and hermonious action by impressions received from 
the brain. A complete double circulation, a higher standard: 
temperature, the exact balance and consent of improved or-_ 
gahs, may possibly want an expanded brain for their support. - 

But is there not in the genera, whose brains approach nearést © 
the human, the closest approach to human mental nature? It js: 
highly probable that this question ought to be answered i in the 
affitmative. The principal objection which seemis to me fo lie 
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against it, is the extreme docility and intelligence of birds, The 
sagacity of the raven and of the magpie, the human sympathies 
[not the human language] of individuals of the parrot tribe, 
and the educableness of several of the smaller birds, do not fall 
far short of similar points in the dog, the horse, the elephant. 
Yat I am inclined to believe [difficult as it is to satisfy oneself on 
this question] that the higher animals generally have more of 
human feeling and character, than the most remarkable in this re- 
lation of the lower vertebral animals. The chimpanse and the 
pongo ought in this view to be the nearest to the human species, 
and it seems not improbable they will be found to be so. 

But, further, does there not remain a prodigious difference be- 
tween the brains of the higher animals and the human brait; fad 
that in the parts of the brain, which belong to the highest grade 
of organization? This I think unquestionably is the fact. The 
hemispheres of the cerebrum and cerebellum, of the former 
particularly, in the extent, number, and depth of their convolu- 
tions, exhibit a vast superiority. The poimt of comparison 
which I would challenge should be the crura of the cerebrum 
and the tubercula quadrigemina on the one hand, and the am- 
plitude of the superimposed hemispheres joined to the number, 
size, and depth, of the foldings upon its surface on the other. 
Thus in the human brain, although there is not absolutely any 
great division that does not exist in the brain of the dog, the 
elephant, or the monkey, yet there is a predominant develop- 
ment and physical superiority of those parts, which all analogy 
and reasoning lead us to suppose the seat of the highest en- 
dowments of the mind. 

When we are satisfied that the higher endowments of the 
mind have their seat in the circumferential grey and white 
matter of the cerebrum and cerebellum, and that the greater 
development in man of these parts is causally connected 
with his mental superiority to animals, we turn to inquire 
wherein physically the mental organ of one human being differs 
froma’ that of another, and whether there is discernible, any 
difference of volume or figure of the human brain that bears an 
ascertainable relation to the differences of human character ? 

It certainly is a ically probable, that the superiority of 
one human mind .over another goes, with an increase of that 
development which marks the superiority of the human brain 
over that of animals. ' 
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We therefore inquire, whether the convolutions of the brain 
and the lamine of the cerebellum are more numerous and 
deeper or more broad and preminent in persons highly endowed, 
than in those of an inferior cast of mind. With this inquiry 
the éraniological theory of Gall and Spurzheim began; who, 
believing that there is no general augmentation of the cerebral 
masses proportionate to mental superiority, were led to enter- 
tain the opinion that there may be partial expansions of cere- 
bral structure, corresponding with partial mental superiority; and 
concluded, that as the mind displays many different impulses 
and talents each of these may have a corresponding organ and 
particular seat in the brain; and that as men’s minds are always 
unequal, some endowments being of a better, some of an infe- 
rior order, it may be so explained, how the volume of the whole 
brain preserves an average seldom greatly departed from 
throughout the human race, there being in most instances partial 
force, partial feebleness, of development. Of the probable cor- 
rectness of this view no doubt I think can be entertaied. It 
has been asked indeed, in derision, where are seated the dif- 
ferent organs of the brain that correspond with different mental 
affections ; where the separation is to be found of one organ 
from another? It is true that such separations as the ques- 
tion supposes do not exist. But perhaps the very fact is in 
favour of the phrenological theory. Although the affections of 
the mind differ among themselves, although for instance the 
spirit of emulation is a different thing from philosophical talent, 
and the wish to see a family provided for different from the ge- 
nius of a painter, yet are these different elements of mental im- 
pulse so combined in operation, that it is not unnatural to expect 
that.their organs [assuming that they have distinct organs] should 
be very closely tied and linked by the ordinary apparatus of ner- 
vous communication. The convolutions of the brain may therefore 
fairly be represented to have quite as much separateness, quite as 
much conjunction, as are required by the phrenological theory. 

The next step to be ascertained is, whether those who’ have 
followed out this theory have succeeded in determining by 
actual observation the locality of any: mental organs. ae 

There are evidently monstrous difficulties in the wey of this 
investigation, of which the principal are these. 

Ia the first place, it is extremely difficult to tell upon the: ving 
head which convolution is developed more or Tess ther wenal. 
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Secondly, human character is made up of the balance of 
numerous qualities; and it is most difficult to determine how 
much that is done or neglected by any individual, proceeds 
or is absent from the force of any one impulse or the weakness 
of another; not to mention how probable it would be that acci- 
dents of education, health, and the like, should interfere more 
or less to modify in every case the original disposition. 

Thirdly, the difficulty has yet to be overcome of reducing the 
mind to its elements, and determining with any thing like cer- 
tainty what are single mental principles, what compound results. 

It is not therefore surprising that phrenologists should have 
made but little way towards mapping the brain with precision 
and success, supposing this object ultimately attainable;"and 
their theory based in truth. 

One of the steps preliminarily necessary, which has been 
already to a certain degree taken, is that the convolutions of 
the brain should be laid down in accurate drawings; and that 
not in a few instances only, but in a vast number, so as to de- 
termine what are the limits of variation in the figure and in the 
number of the convolutions. The phrenological anatomist should 
be as familiar with each convolution of the brain, as the surgeon 
with each nerve and artery. Having attained this knowledge, 
he would be so far competent to undertake the comparison of 
cerebral with mental development. 

Much discrepancy of opinion exists as to whether phrenolo- 
gists have or have not succeeded in determining any of the 
relations of the form of the brain to the mental powers. 

I. Of the Cerebellum.—In this part the sexual appetite is sup- 
posed by phrenologists to be located. The justness of this opinion 
has-always appeared to me doubtful. It may be confidently as- 
serted that quadrupeds use the organs of smell and vision for dis- 
criminating the subjects of their appetites, both of food and de- 
sire. Ite likewise highly probable that the part of the brainin which 
a nerve of sense begins, is that which digests thetideas and origi- 
nates the impulses that follow from the excitement of the sense 
it conveys. But neither the optic nerve nor the olfactory com- 
municate with the’ cerebellum ; but both, especially the olfactory, 
take their rise in the tubercles that are immediately in relation 
with the cerebrum. The olfactory nerve in quadrupeds is even 
in part directly continued from the substance of the middle lobe 
of the brain. It is probable, so far as this reasoning has any 
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weight, that the impulses, by which the animal is led to those 
functions which preserve itself and its species, are originated in 
the cerebrum. 

II. Of the Cerebrum.—The following considerations form a 
serious objection to the general phrenological division of the 
cerebrum, into an anterior and percipient and reasoning part, 
and a posterior part for disposition and impulse. It will be 
granted that animals have more affection for their offspring than 
reason. But quadrupeds in general, the horse, the dog, the 
sheep for example, have the posterior cerebral lobes small, the 
anterior lobes large. Again, on the general analogy of deve- 
lagment, that which is formed latest in the embryo should have 
the highest function. But the posterior lobe of the brain is 
the last unfolded in the order of growth, the last part added to 
complete the improving organization. It is difficult not to allow 
these arguments some weight against the general impression 
that the forehead is the seat of reason. 

Still the forehead certainly has its physiognomy, and may 
present an intellectual cast, or otherwise; but I do not 
think this has to do with its size, that is its height and breadth, 
but rather with its proportions: in general I think the remark 
will be found to hold good, that the size of the head, or of parts 
of the head, go for less than their fineness of shape; whether 
the relation be accidental or not, it is certainly generally true, 
that a well shaped and handsome fead contains a better or- 
ganized mind than a clumsy shaped cranium. 

Phrenologists divide the forehead into two stories; to the 
lower they attribute the percipient faculties, with quickness of 
observation and rapidity of superficial combination. The upper 
story is of a more philosophical cast, and is supposed to be the 
seat of the more deeply reflective powers. I have seen some 
instances by which this distinction has been borne out: but 
othets again, and some very remarkable ones, at variance with 
it: and upon the whole I think that the foreheads with most 
physiognomical promise of mental superiority, are those which 
resemble that of the mask of Newton, in which the region of the 
eyebrow is both broad and prominent, and the upper part of 
the forehead, without being deficient, is yet subdued and less 
in comparison. | 

In avery interesting paper by Professor Tiedemann, read be 
fore the Royal Society, July 14, 1836, the following remark 
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occurs: —“‘ The brains of men who have distinguished them- 
selves by their great talents are often very large. The brain of 
Cuvier weighed four pounds, eleven ounces, four drachms, thirty 
grains, Troy weight. The brain of Dupuytren weighed four 
pounds ten ounces.” [The ordinary weight of the brain ranging 
between three pounds two ounces and four pounds six ounces. } 
In this paper Professor Tiedemann investigates the difference 
or resemblance between the brains of different families of man- 
kind. The opinion towards which he inclines is, that the Negro 
is not inferior in cerebral development nor in mental capability 
to the other races. It is singular enough, however? that the 
facts adduced by Tiedemann lead to an opposite conclugiga. 
He gives tables of the internal area of the skull in Europeans, 
Americans, Malays, and Negroes. Of the first, he adduces 
seventy-seven examples; of the second, twenty-four; of the 
third, thirty-eight ; of the fourth, thirty-eight. The method of 
gauging each, which he employed, was to ascertain the weight 
of millet-seed required to fill it. I find by averaging his tables, 
that the European or Caucasian cranium contains forty ounces, 
the American and Malay thirty-nine, the Negro cranium thirty- 
seven only. In subsequent tables in the same Paper, the length 
and breadth of the European cerebrum are shown materially to 
exceed those of the Negro. And a very curious fact is added 
respecting the brain of the Bosjes woman, who was called the 
Hottentot Venus. The convolutions of the two hemispheres in 
this specimen [the dimensions of which are likewise of the 
smallest] are more symmetrical than is the case in European 
brains. This circumstance is an important approach towards 
the type of the cerebral organization of animals as distinguished 
from that of human beings. From the oran otang downwards, 
the two cerebral hemispheres of animals exhibit in their super- 
ficial markings great closeness of resemblance; whereas in Eu- 
ropean brains the resemblance of the gyri of the two sides is ge- 
neral only, and the details of their disposition vary remaftkably. 

The brain of the Hottentot Venus, marked with physical de- 
gradation in the symmetry of its convolutions, leads us to the 
conclusion, that the smallness of size which belongs to it is 
another sign of physical inferiority; at the same time that it 
strengthens the impression, which other considerations suggest, 
that the thiopian variety [from whatever cause it proceed] are 
mentally an inferior race. 
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SECTION VI. 
Of the Functions of the Nerves 


The nerves are the media of communication between the cen- 
tral organs of the nervous system [the brain and spinal cord} 
and the rest of the frame. Their function in reference to con- 
sciousness is probably limited to the transmission of impres- 
sions, either of sense or motion. 

There are forty pairs of nerves in the human body, of which 
thirty-one rise from the spinal marrow, and nine from the me- 
dulla oblohgata. The former are called Spinal, the latter Cere- 


bral nerves. 

2 cae consist of the same material as the white matter of 
the brain: it is here as in the brain wrought into delicate fila- 
ments contained in sheaths of the finest membrane; several of 
these are contained in a common sheath, and form nervous 
fibrils: and a nerve consists of more or fewer fibrils connected 
by processes of the membrane already described, which is termed 
the neurilema: it is very vascular, and may be compared with 
the pia mater in the brain. A nerve has an outer tunic of a 
dense white glistening membrane, which is called its cellular 
tunic. The fibrils of a nerve are disposed parallel to each other, 
but they continually give off filaments, which join the adjacent 
fibrils: so that when a nerve is drawn out laterally, its struc- 
ture appears reticular. All nerves partake of this structure. 
In the long nerves it is most evident near their origin. The 
optic nerve, which is short, is so reticular, that the appearance 
of strictly parallel fibrils is nowhere distinguishable in it. 

Nerves extend from the spinal marrow and medulla oblongata 
to sentient surfaces and irritable parts. The first of these 
attachments is called their origin, the opposite their termina- 
tion. The origin of a nerve is always in part from grey matter. 
The mode in which nerves terminate is not satisfactorily known, 
with the excepfion of the instance of the optic nerve, which 
expands within the eyeball into a sheet of grey matter; and of 
the instances in which voluntary nerves coalesce directly with 
fibrils of sentient nerves, a fibril originating at one part of the 
medulla oblongata, appearing to return under another character 
to attach itself again to the same part. 

The tendency to a reticular structure which is met with in 
the composition of the nerves, shows itself again in the manner 
of their distribution. 
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In several remarkable instances, the fibrils of which adjacent 
nerves are composed are reciprocally thrown across from one to 
the other, forming what is termed a plexus. The nerves which 
proceed from the further side of a plexus may be more or fewer 
in number than those which enter it; but the essential result 
is, that nervous fibrils from different sources are brought toge- 
ther.to form new trunks. What are termed ganglia have been 
thought by many to be exactly of the nature of plexuses. A 
ganglion is a small nodule, usually flattened, of an oval or 
circular shape, and of a reddish grey colour, which is found 
either on the trunk of a single nerve, or where tw6 or more 
branches coalesce. Scarpa supposed, that a ganglion is buta 
bed of gelatinous membrane, in which the smallest fibrils of the 
nerves that enter it are arranged in new combinations. Others 
have supposed that nervous filaments originate in the grey 
matter of ganglions. It is not improbable that this may be 
the case, but the extreme minuteness of the fibrils in a gan- 
glion renders it very difficult to determine whether it is so 
or not. 


I. The nerves which rise from the spinal marrow are more 
uniform in their mode of origin, and simpler in their distribu- 
tion, than those which rise from the medulla oblongata. Each 
spinal nerve arises alike by two roots, one from the anterior 
lateral, the other from the posterior lateral furrow. The fila- 
ments which compose the anterior root, are more slender and 
more numerous than those of the posterior root. The filaments 
which form the roots of the spinal nerves are followed with 
great difficulty into the substance of the cord. They appear 
partly to be continuous with the white fasciculi of the cord, 
partly to originate in the interior grey matter*, The two roots 


* Among the anomalies mentioned by Magendie and Desmoulins respect- 
ing the spinal nerves, the principal are the two following. They state, that, 
in serpents, the spinal nerves have each but one root. Upon carefully 
opening the vertebral canal in a Python, I ascertained that this is not the 
fact, but that the merves rise, as in other vertebral animals, by two roots. 
The second is, however, as correctly stated as it is extraordinary. In the 
lamprey, the spinal nerves appear to rise from the theca, not from the 
cord; that is to say, upon slitting up the theca, no filaments are seen ex- 
tending to ar frem the cord. This I have found in the lamprey examined 
immediately after decapitation. I was greatly surprised to observe, upon 
irritating the skin of its tail, under these circumstances, that the caudal mus- 
eles acted. One micht almost conjecture, that in the spinal apparatus of the 
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perforate the theca vertebralis by separate openings; then a 
spherical ganglion is formed upon the posterior root, and after- 
wards the two roots unite to form one nerve, which takes its 
name from the bone below which it emerges. 

When a spinal nerve is divided in its course through the 
body, the parts supplied by it beyond the division are paralyzed 
—they lose sense and motion. If the two origins of the spinal 
nerves are exposed in a young animal, and separately divided, 
different effects are produced. The section of the anterior root 
deprives the part supplied by the nerve of voluntary motion, 
sense refhaining ; the section of the posterior root deprives the 
corresponding part of the body of sensation, voluntary motion 
being left. 

These experiments were made by M. Magendie, and published 
by him in his Journal of Experimental Physiology. But many 
years earlier, Sir C. Bell had made experiments upon the spinal 
nerves, some account of which had been printed and circulated 
among his friends, as well as delivered in his Lectures. The 
following is an extract from this account: ‘ On laying bare the 
roots of the spinal nerves,” observes Sir C. Bell, “1 found that. 
I could cut across the posterior fasciculus of nerves, which took 
its origin from the posterior portion of the spinal marrow, with- 
out convulsing the muscles of the back; but that on touching 
the anterior fasciculus with the point of the knife, the muscles 
of the back were immediately convulsed.” Sir C. Bell was 
carried by these experiments very near to the truth, but he 
failed at that time to ascertain it: he inferred from his experi- 
ments, indeed, that the anterior and posterior roots of the spinal 
nerves have different functions; but in the nature of these 
functions he was mistaken. Upon the anterior root he supposed 
both sensation and motion to depend: the posterior root he 
considered an unconscious nerve, the office of which was to con- 
trol the growth and sympathies of parts. Before Sir C. Bell 
published any other account of the functions of these nerves, 
M. Magendie had given to the world the true theory of their uses. 

The cerebral nerves taken together are by no means so simple 
or uniform, either in their origin or their distribution, as the 
spinal nerves. Yet the uses of several of them have long been 


lamprey, the true nervous matter of the cord is disposed external to the 
membrane, which encloses the flat tape-like production, more like ligament 
than nervous matter, which is contained within the theca. 
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thought sufficiently explained by reference to the parts which 
they supply: and modern experiments have thrown no perma- 
nent doubt upon the correctness of opinions thus originally 
deduced from the consideration of anatomical structure. The 
cerebral nerves, the uses of which have long been known, be- 
long either to sense or to motion. 


II, The nerves of sense, included in this class, are, the first, 
the second, and the soft portion of the seventh. 

The first nerve rises by three roots from the fore and under 
part of the corpus striatum, a layer of grey matter “produced 
from which is contained within it, and extends as far as to the 
cribriform lamella of the ethmoid bone, where the size of the 
nerve is greatly increased by an additional volume of cineritious 
substance. The nerve now terminates in numerous fibrils, which 
pass through the foramina of the ethmoid bone, and are distri- 
buted plexiformly upon the septum narium and the adjacent 
surface of the upper turbinated bone. 

As this nerve 1s the only nerve exclusively distributed to the 
nose, and as the sense peculiar to the nose is that of smell, ana- 
tomists consider this nerve to be the olfactory nerve. 

The second nerve may be traced to the back part of the crus 
cerebri: it rises bya flat band of white fibrils, termed the tractus 
opticus, from the corpora geniculata and the thalamus nervi 
optici. The tractus optici unite at their commissure, and the 
second nerve is properly that part of the cord which extends 
from the commissure to the globe of the eye. Reasoning in the 
same manner as in the former instance, anatomists justly consi- 
dered the second nerve to be the nerve of vision. There is 
much that is curious in the structure of the commissure: it 
may be better understood by reference to the figure at the end of 
this section [p. 262] than by any description in words. It appears 
that the outermost fibres of the tractus go to form the outer- 
most fibrils of the optic nerve of the same side ;‘ that the next 
in order cross over to the optic nerve of the other side: that 
the innermost fibrils of the tractus of one side are continuous 
with the innermost fibrils of the opposite; and that in a similar 
manner a sort of loop is formed by the innermost fibres of either 
optic nerve. 

The soft portion of the seventh nerve rises by two roots from 
the medulla oblongata. One set of fibrils passes between the 
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corpus restiforme and the production of the olivary tubercle to 
the floor of the fourth ventricle: another, which is more known, 
turns round the corpus restiforme, and reaches by a circuitous 
route the same origin with the first: the white strie which 
form this second origin are an essential part of the calamus 
scriptorius. It is perhaps worthy of remark, that some of these 
coalesce at the median plane with fibrils from the opposite side, 
in a manner exactly resembling the junction of the innermost 
fibres of the two optic nerves: these nerves are probably the 
only nerves, which, when the two are simultaneously excited, 
convey but a single impression. 


III. The cerebral nerves, which upon anatomical evidence 
have been considered voluntary nerves, are the third, the fourth, 
the sixth, and the ninth. 

The third nerve rises by many filaments from the black 
matter in the crus cerebri: it is distributed to five muscles in 
the orbit, and sends a branch to assist in supplying the iris. 

The fourth nerve rises from the opposite surface of the me- 
dulla oblongata, and supplies the superior oblique muscle of 
the eye. 

The sixth nerve takes its apparent origin from the outside of 
the anterior pyramid at the edge of the pons Varolii, and sup- 
plies the abductor muscle of the eye. 

It is remarkable, that-the muscles of the eyeball have either 
no separate nerves of touch or filaments of this order incompa- 
rably more minute than other voluntary muscles receive, if in- 
deed the threads derived by them from the fifth minister to this 
office. Is not this because their action is regulated by vision 
instead of by touch ? 

The ninth nerve rises from the fore part of the olivary tuber- 
cle: its numerous filaments are collected into two fasciculi, 
which unite to form one nerve. This nerve has long been 
termed the motor lingue ; it supplies the flesh of the tongue, 
and several muscles of the throat. 

The offices of these nerves will be further considered in con- 
nection with the organs of the senses. 


IV. We may next inquire into the history of the fifth nerve, 
and of the hard portion of the seventh. 
The fifth nerve, the largest of the cerebral nerves, emerges 
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from the side of the pons Varolii, in two fasciculi, or roots, 
upon the larger of which a ganglion, termed the Gasserian, is 
formed ; afterwards the fibrils of the nerve separate into three 
divisions. The smaller fasciculus passes below the ganglion, 
and afterwards associates itself with the third division of the 
larger. The correspondence in their mode of origin between 
the fifth and the spinal nerves has long been known to anato- 
mists: Soemmering thus notices it; after describing the larger 
portion of the nerve, he adds, ‘‘ minor nervi pars, majorem 
portionem descendendo obliqué preeterit, neque ei fibras addit, 
eum feré in modum, quo prior radix nervorum spine medulla 
ganglion non intrat*.”’ 

The first division of the fifth nerve is distributed to the ball 
of the eye and iris, to the lachrymal gland, to the Schneiderian 
membrane in the nose, and to the muscles and integuments of 
the forehead. 

The second division of the fifth is distributed to the Schnei- 
derian membrane, to the cheek and nostrils, to the palate, and 
to the alveoli of the upper jaw. 

The third division of the fifth is distributed to the alveoli of 
the lower jaw, to the tongue, and the submaxillary and sublin- 
gual glands, to the intezuments of the temple and of the chin, 
to the masseter, the pterygoid muscles, the temporal, and the 
circumflexus palati. 

The hard portion of the seventh takes its apparent origin be- 
tween the corpus restiforme and corpus olivare. Having emerged 
from the cranium it reaches the cheek through the substance of 
the parotid gland, in which it divides into many branches, that 
radiate to be distributed to the cutaneous muscles and to the 
integuments of the face. These branches are noted for their 
frequent reticular junctions, which have obtained for the whole 
the name of pes anserinus; and are yet more remarkable for 
the occasional direct continuity (resembling that between the 
ninth and the gustatory in the tongue) of their smaller fbrils 
with those of the facial branches of the fifth. 

Not more than sixteen years since, when the functions of the 
first, the second, and the auditory, of the third, fourth, and 
sixth, of the ninth and of the gustatory branch of the fifth were 


* S. T. Soemmering de Corp. Hum. Fabried, tom. iv, p. 214. “Traject 
ad Menum, 1798. 
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understood, and correctly described in physiogical treatises,— 
the functions of the greater part of the fifth and of the hard 
portion of the seventh nerves remained unknown, and lecturers 
on anatomy passed the subject over, as one which had hitherto 
baffled research. 

It was in the year 1821 that the inquiries of Sir C. Bell into 
the uses of the fifth nerve, and of the portio dura of the seventh, 
were published in the Philosophical Transactions. Sir C. Bell’s 
experiments were the following :— 

‘An ass being thrown, and its nostrils confined for a few 
seconds, so as to make it pant and forcibly dilate the nostrils 
at each inspiration, the portio dura was divided on one side of 
th®head ; the motion of the nostril of the same side instantly 
ceased, while the other nostril continued to expand and con- 
tract in unison with the motions of the chest. 

‘¢ On the division of the nerve, the animal gave no sign of 
pain; there was no struggle or effort made when it was cut 
across. 

‘“‘ The animal being untied, and corn and hay given to him, 
he ate without the slightest impediment. 

‘« An ass being tied and thrown, the superior maxillary branch 
of the fifth nerve was exposed. Touching this nerve gave acute 
pain. It was divided, but no change took place in the motion 
of the nostril; the cartilages continued to expand regularly in 
time with the other parts which combine in the act of respira- 
tion ; but the side of the lip was observed to hang low, and it 
was dragged to the other side. The same branch of the fifth 
was divided on the opposite side, and the animal let loose. He 
could no longer pick up his corn; the power of elevating and 
projecting the lip, as in gathering food, was lost. To open the 
lips, the animal pressed the mouth against the ground, and at 
length licked the oats from the ground with his tongue. The 
loss of motion of the lips in eating was so obvious, that it was 
thonght a useless cruelty to cut the other branches of the 
fifth *. 

The inference, which Sir C. Bell drew from these experi- 
ments, was, that the branches of the fifth, which emerge upon 


* Phil. Trans. 1821, p.413. The passages in this extract which I have 
printed in italics mark the particular points in which Sir C. Bell’s ex 
ments either were incomplete, or admitted of a different explanation s® that 
which he adopted. 
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the face te supply the muscles and integamenté, are for sexsa~ 
tion and. coluntary motion jointly; and thet the use of the 
seventh (the branches of which are distributed to the same 
parts) is to “ govern the motions of the lips, the nosirils, and the 
velum palati, when the muscles of these parts are tn associated 
action with the muscles of respiration.” in other words, accord- 
img to Sir ©. Bell, the seventh is the nerve of inetinctive motion 
to: the face, and the fifth of voluntary motion and sensation. 
Sir C. Bell, indeed, supposed that the hard portion of the 
seventh nerve was one of @ system of nerves, which he termed 
superadded or respiratory (the others belonging to the system 
being the nervus vagus, the spinal aceessory, the phrenic, aud 
the posterior thoracic), that had the common office of minisier- 
ing in different parts to instinctive action; and he appears to 
have relied especially upon the experiments which I have 
quoted, to illustrate and to support his theory. 

The reader will see, that I have here quoted in Sir C. Bell’s 
own words those experiments and conclusions of his, to which 
I adverted in a former section. I have, therefore, in addition, 
briefly to describe again my own counter-experiments, which 
were published in the first part of my anatomical and physiolo- 
gical commentaries in 1822. 

1. I divided the portio dura in an ass, not on one side only, 
but on both: the instantaneous. effect of the operation was to 
paralyze the nostrils and lips completely: the lips dropped from 
the teeth, and hung pendulous, not having muscular tone left 
to support their own weight. The lips remained perfectly sen- 
sible, but the animal made no use of them in attempting to 
take its food, or on amy other occasion. 

2. I divided the branches of the second and third division of 
the fifth at the foramina, where they emerge upon the face, in 
another ass: the result was, that the lips lost sensation; but 
although their apposition did not remain quite as exact as 
before, they did not lose their tone, or fall from the teeth, as in 
the first experiment. The animal, however, ceased to use its 
lips in taking up its food, and employed for this purpose the 
method described by Sir C. Bell. 

No doubt I believe is now entertained, that the inference 
which f drew from these experiments is correct; numely, that 
the portio dura of the seventh nerve is a simple voluntary 
nerve, and that the facial branches of the fifth are exclusively 
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sentient nerves. The only circumstance which seemed to. throw 
a doubt upon these conclusions, was the uselessness of the lips 
to the animal in gathering food, after the fifth alone had been 
divided. If the facial branches of the fifth be not, as C. Bell 
supposed, nerves of motion as well of sensation, how happens 
it that muscles, which they supply, cease to be of use on their 
division ? 

This seeming difficulty I discovered to be entirely removed 
upon referring to the history of cases of anwsthesia. In this 
disease, the sensation of the extremities is wholly lost, while 
their muscular power remains. Now it is remarkable, that in 
persons thus affected, the muscles of the insensible part can 
orvty be exerted efficiently, when another sense is employed to 
guide them and to supply the place of that which has been 
lost. A person afflicted with aneesthesia is described, in a case 
quoted by Dr. Yelloly in a very interesting memoir upon this 
disease, as liable “ on turning her eyes aside to drop glasses, 
plates, &c., which she held in safety as long as she looked at 
them*.” Instead, therefore, of being surprised that the animal 
in the experiment should cease to use its lips as before, suppos- 
ing they had been deprived of sensation only, we could not 
consistently with analogy expect any other result. 

In pursuing this subject, I was led to observe, that there 
are muscles which receive no branches from any nerve but the 
fifth; these muscles are the masseter, the temporal, the two 
pterygoids, and the circumflexus palati. These muscles again 
I remarked are supplied with branches from the third division 
of the fifth, that is to say, from the particular division of the 
fifth, with which the smaller fasciculus or root of the nerve is 
associated. After some careful dissection, in the greater part 
of which I afterwards found that I had been anticipated by 
Palletta, I made out, that the smaller fasciculus of the fifth is 
entirely consumed upon the supply of the muscles I have 
named ; to which it is to be borne in mind, that twigs from the 
ganglionic portion of the nerve are likewire distributed. 

But I had already ascertained by experiment, that almost all 
the branches of the larger or ganglionic portion of the fifth are 
nerves of sensation. I proved this point by expermments upon 
the ass, the dog, and the rabbit, respecting the secorid’ and 


* Medico-Chirurgical Transactions, vol. it, pi 99. 
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third division of the fifth; in the pigeon, respecting the first 
division. It was therefore improbable that the twigs sent from 
the same part of the nerve to the muscles of the lower jaw 
should have a different quality, and be nerves of motion. For 
this function it was reasonable to look to the other nervous 
fibrils, which the maaseter and temporal and pterygoid muscles 
receive; in other words, to the branches of the smaller fasctcu- 
lus, or to the ganglionless portion of the fifth. 

By the experiments and reasoning which I have described, | 
thus established that the ganglionless portion of the fifth and 
the hard portion of the seventh nerve are voluntarynerves to 
parts, which receive sentient nerves from the larger or gang- 
lionic portion of the fifth. This happened before the publita- 
tion of M. Magendie’s discovery of the parallel functions of the 
double roots of the spinal nerves; and without wishing to 
assert the least claim to that discovery, I will yet observe, that 
I was led by the well-known anatomical analogy between the 
fifth and spinal nerves, to conjecture nearly what M. Magendie 
proved, and was indeed actually engaged in experiments to 
determine the point, when M. Magendie’s were published. I 
Say nearly, inasmuch as subsequently to the publication of my 
experiments upon the facial branches of the fifth and seventh, 
I had been misled by the analogy of the third, fourth, and sixth 
nerves, to adopt an opinion respecting muscular sensation, which 
I did not correct till after I had seen M. Magendie repeat his 
experiments on the spinal nerves in this country *. 


* The claims which have been put forward for Bellingeri as the discoverer 
of the uses of the fifth and seventh and of the spinal nerves are unfounded. 
The reader wil] see by the following extracts, which I quote from his inau- 
gural thesis, which alone is prior in time to the publications of other 
claimants, how utterly vague and erroneous his notions on these subjects 
were: his anatomy however is very good, though his physiology i is false. 

“* Partium vero, in quibus inseritur, vite organice preeprimis conferre 
par quintum nobis ratio suadere videtur.”—P. 121. 

“* Si igitur ubi sole sunt quinti paris ramificationes, ut in ramo lacrymali, 
nasali, dentalibus, et palatinis, ibi sola est organica vita, nonne probabile 
redditur, quum in musculis et integumentis frontis, labiorum, nasi, et oris, 
univers@que ‘faciei distribuitur, ipsorum tantum vite organice famulari, 
animalem vero vitam, motum scilicet voluntarium, et sensuin animalem 


ab adjunctie nervis pesidere.” 
“ Certe involuntatius iridis motus, involuntarius quoque musculorum 


interne auris, regitur ‘BR. Guinto.” 
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V. The eighth nerve consists of three parts, the glosso- 
pharyngeal nerve, the pneumo-gastric nerve or nervus vagus, 
and the spinal accessory. 

The two first of these rise by many fibrils disposed in a line 
from the fore part of the corpus restiforme: upon each a small 
ganglion is formed. The smaller, which consumes the upper- 
most four or five tibrils, is the glosso-pharyngeal: it terminates 
in twigs distributed to the root of the tongue, and to the upper 
part of the pharynx. The latter branches are probably sentient 
and voluntary; the former sentient only. This inference I 
ground upén the following facts. 

In every case where muscular action is proved to be under 
the voluntary control of a particular nerve, the mechanical irri- 
tation of that nerve directly after death will cause the muscle 
it controls to act: on the other hand, if a sentient nerve that 
is distributed in a muscle be thus irritated, no action of the 


** Tgitur et voluntarium musculorum faciei motum, et animalem sensum 
tacths a septimo pendere, consonum rationi videtur.”’ 

** Animi pathemata preprimis per ramificationes quinti paris miré in 
faciem depinguntur.”—P. 123. 

‘* Jam vero ad maxillarem inferiorem gradum facimus, quem vidimus in 
anatome ramos tribuere musculo mylo-hyoideo, ventri anteriori digastrici, 
omnibusque musculis in mento ipsiusque viciniis existentibus ; aperit inde 
maxillam inferiorem, et concurrit ad oris occlusionem, et diductionem, 
famulatur quapropter alimentorum sumptioni masticationi atque deglu- 
titioni.”—P. 156-7. 

“* Quintum denique par omnes involuntarios motus absolvere, constat 
observatu monstri a Lawrence descripti, in quo deficiente septimo pare, et 
presenti quinto, ciborum assumtio, succus, masticatio, et deglutitio, per- 
fecta est.’—P. 158. 

“ Communem igitur tactum a quinto dirigi ultro concedam.”—P. 160. 

** Ubi exquisitior est tactus, ibi majores, multiplicateque septimi sunt 
divisiones.”—P. 161. 

‘* Licet autem nervum hypoglossum minime gustui preesse defendam, 
puto tamen animalem tantum ia lingua absolvere.”—P. 169. 

‘* Preprimis animalibus functionibus in capite, facie, et collo, sensui 
scilicet animali, et motui voluntario preease nervum facialem, ipsamet 
nobis suggerit anatomica structura.”—P, 180. 

““Profecto quum in cute capitis, faciei, et colli distribuitur [nervus 
facialis], animalem sensum perficere ; quum vero in musculis omaibuy. | 
externi capitis et externarum aurium, in cunctis fere faciei musculia, tem- 
porali excepto, in stylo-hyoideo, et digastrico posteriori, ‘wesculoque colli 
cutaneo insumitur, animalein motum absolvere ex ee dixie de 
quinto probabile admodum redditur.”—P. 181." ea 

Caroli Francisi Joseph Ballingeri, dissertatio nangiicatie aino ) 1818. 
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muscle follows. Now I observed, that on thus irritating the 
gloseo-pharyngeal nerve in an animal recently killed,: the 
muscular fibres about the pharynx acted, but not those of the 
tongue. 

The nervus vagus, or pneumo-gastric nerve, distributes 
branches to the larynx, trachea, and lungs, to the pharynx, 
cesophagus, stomach, and duodenum, to the liver, the spleen, 
the kidneys. The fibrils which it distributes to the larynx and 
pharynx and cesophagus are nerves of sensation and motion. 

The spinal accessory nerve, which is associated with the two 
preceding, rises in great part remotely from them : its ‘origin 
takes place by many fibrils from the side of the medulla pb- 
longata, and from the back part of the spinal marrow in the 
upper part of the neck behind the ligamenta dentata, and 
not far from the posterior roots of the spinal nerves, which fur- 
nish a few filaments to it. It gives a branch to the nervous 
vagus, and fibrils to the pharynx, but the greater part of the 
nerve assists the spinal nerves in supplying the sterno-mastoid 
muscle and cucullaris. Upon irritating this nerve in a living 
animal, pain is excited : upon irritating it in an animal recently 
killed, the muscles it supplies are convulsed. We may suppose, 
that rising between the two roots of the spinal nerves, it par- 
takes of both their functions ; but why it should not, hke the 
phrenic or the ulnar nerve, rise in the ordinary manner from 
the spinal nerves, no cause that will bear examination has 
been assigned. 


VI. Of the sympathetic nerve. 

The sympathetic is a slender nerve which descends upon or 
near the side of the vertebre, from the foramen caroticum in 
the temporal bone to the os coccygis. Its colour is greyer than 
that of other nerves, and its texture seems to contain through- 
out a portion of the substance, which is elsewhere peculiar to 
ganglia. The whole nerve is besides studded with ganglia: 
there are three in the neck, and one to each of the vertebre: 
below ;,Gn the os coccygis the nerve on one side joins with its 
fellow 6 form ua éingle ganglion. In the canalis caroticus the 

ae ‘eae ae a ere round the artery has again 
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ehest, branches which supply the viscera of the abdomen; in 
the abdomen, branches which supply the pelvic viscera. Their 
function is unknown. I have divided the nerve on each side 
in the neck, but no symptom followed. The-ganglions and the 
neese Hadlf appear to be sensible in a very low degree, if at all. 
Yet the egnsations which we experience in the intestines must be 
communicated through this nerve; and the action of the fibres 
of the bowels may be influenced through it; and the impres- 
sion which can be made upon the action of the heart after 
decapitation, by crushing a portion of the spinal cord, must be 
tefnsmitted through its influence. The name of the nerve ex- 
presses the conviction of anatomists that it 1s used to associate 
the affections of different parts; and till the real functions of 
the nerves were ascertained, physiologists were pleased with 
dilating upon the connections, which in health and disease are 
kept up between all the organs of the frame through the agency 
of this nerve and the nervous system generally. But the shal- 
lowness and conjectural nature of such remarks become strik- 
ingly apparent, when they are placed by the side of rigorous 
deduction from experiment; and it becomes proportionately 
easier to understand, that a plain avowal of ignorance is more 
creditable and more useful to the progress of science, — 
pages of ingenious hypotheses. 

But will not the origin of the sympathetic throw some light 
upon its function? It seems to spring from the sixth nervé, 
and from the Widian branch of the fifth, and to be reinforced 
by fibrils from the portio dura, the eighth, the -ninth, and. all 
the spinal nerves, and from both their roots, but principally-the 
anterior. . ‘The nerve then is in fact but a collection of branches 
from almost every nerve in the frame, which join it at the 
adjacent ganglia? ;.This may appear to be true, but it is not 
the whole truth, The sympathetic certainly gives branches to 
different nerves as well as receives them from the same. The 
adjomed drawing, which I made from two very careful dissec- . 
tions, will serve to illustrate this remark. 7 

.. Fig. 1, ‘represents the junction of the- ‘sympathetic with-the 
sixth | in the cavernous ginus. -a,:ig the carotid artery’; c,! ae 
sympathetic nerve distributed upon endifo-ityamd ®, the sixth 
nerve {the letter being placed ie: He ccseloenl » mt), fboth giving 
aad veceiving filaments. i ma 7 
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Fig. 2, represents the junction 
of the sympathetic with the se- 
cond lumbar nerve. d, is a gang- 
hon of the sympathetic: e, the 
spinal nerve; 1, its anterior root; 
2, ita posterior root with the 
ganglion. The connection be- 
tween the nerves is of the same 
description as in the former in- 


stance. 
Till recently, it was still a 


question of doubt, whether the 
series of double nodules in arti- 
culate animals is or is not analo- 
gous to the spinal cord and medulla oblongata of vertebral 
animals, or whether it bears an additional or stricter corre- 
spondence with the double chain of ganglia of the sympathetics. 
The valuable researches of Mr. Newport into the anatomy of 
the nervous system in some articulate animals, but principally 
in the sphynx ligustri, seems to me to remove this difficulty. 
The figure which follows represents one 
view of a segment of the double cord of 
the sphynx ligustri. I have selected it 
from among Mr. Newport’s figures, as show- 
ing particularly well the triple disposition 
of parts, which the central organ of the 
nervous system in the sphynx displays. 
That central organ, instead of consisting of 
a single pair of nervous ropes studded with 
pairs of nodules, is formed of no less than 
three pairs. The first, that nearest the. integuments of the 
abdomen, is more immediately connected with, or the seat of 
the nodules. The second, smaller and flat, is laid upon the 
first. The third, of much slenderer fasciculi, is superimposed 
upon the second. There is something remarkable in the dis- 
position.of the fine nerves which proceed from the third pair : 
they epipear to have a visceral distribution, and to go espe- 
tially to‘the } reapiratory tubes. 

Of the di conjectures, which Mr. Newport offers, as to 
the nature ‘of this third pair of 1 Hervous ropes, I think there can 
be no doubt,“that the comparison. of. them with the sympa- 
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thetics indicates their just relation. We thus have in the ner- 
vous centre of the sphynx ligustri all the elements, or analogues 
of all the elements, met with in vertebral animals, and located 
in a parallel order. For, in vertebral animals, the spimal canal 
is the securest region for lodging the double cord: but in 
insects the belly. Let us then substitute for the ideas and 
expressions of anterior and posterior, in reference to the place 
and aspects of the elements of the double cord, the terms peri- 
pheral and axial. To describe by means of these terms the 
order of the elements of the nervous system in man, we have, 
as the peripheral formation, the double cord of sensation with 
its canglionic nerves; but we find the same idea followed in 
urticulate animals, in the peripheral double cord distinguished 
by pairs of nodules (ventral indeed, whereas in the former 
instance it 1s dorsal): but in each nearest the surface of the 
frame. Next follow in each case double tracts, which, as in 
vertebral animals they are experimentally proved to be for 
motion; so can it not be doubted that in insects they are 
appropriated to the same function. Thirdly, in man, the double 
chain of the sympathetic forms a smaller double cord, that is 
axial. Can it reasonably be doubted that the smaller axial 
double cord of the sphynx ligustri has a corresponding office, 
and forms its sympathetic ? 

I am tempted to add a figure of the origins of the cerebral 
nerves, as they appear when made out in the substance of the 
human enkephalon hardened in alkohol. It will serve to illustrate 
several of the remarks which I have already had occasion to 
make, and I shall again find advantage in having it to refer 
to. 

A. Represents the under part of the corpus striatum. 

B. The thalamus nervi optici. 

C. The corpus geniculatum externum. 

D. The corpys geniculatum internum. 

BK, The corpus bigemmum superius. 

F. The corpus bigeminum inferius. 

G. The exterior stratum of the crus cerebri cut through so 
as to show the termination of 

H. The upper pedicle of the gerebellam. 

I. The pons Varolii cut throug ®t the part where the fifth 
nerve perforates it. 

K. The corpus restiforme. 
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_ M. The spinal marrow. 

The nerves are marked by 
the nuntbers which designate 
them, all but the fifth, of 
which the lettering has been 
omitted : but the reader will 
recognize its two portions 
displayed in their course 
through the pons Varolii. The 
hard and soft portions of the 
seventh have both the figure 
7 upon them. ° 

The first impression upon 
looking at such a dissection, 
and still more upon looking 
at the undissected base of the 
brain, is, that there is no me- 
thod or order or principle of 
arrangement followed in the 
origins of nerves. I believe, 
however, that such a principle 
exists, and that the following 
general expression conveys it. 

I believe that the obser- 
vation will be found to be 
correct, that nerves of motion 
take their rise from the same 
region or segment with those “ 
sentient nerves which trans- ' 7 
mit the impressions, by which their action is usually regulated. 
The correctness of this statement, as it? xespects the spinal 
nerves, will not be disputed. It is owing to this circumstance, 
that when in an animal just killed, the spinal cord has 
been divided in the neck and in the back, on irritating the 
integument of either foot, that foot is retracted as promptly 
and to the same extent, as if the spinal cord aiid the medulla 
oblongata were entire. Upon the same prinéiple, if « pigeon’s 
enkephalon is removed, with the exceptioa of the tubércles 
and crura eesebri, which a¥e.to-‘be left attached to the eyeballs 
by the third: pair of netvee;“on- irritating the part of ‘the 
divided optic nerve adherent to’ the insulated segment of 





a 
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enkephalon, the iris acts. In the preceding figure, the third 
and fourth nerves, one of which governs the motion of the 
iris, while both guide the eye to suit the wants of vision, are 
seen to rise near the optic. But the principle which I have 
laid down is more strikingly illustrated by referring to the 
origin and uses of other nerves. 

We observe, that the smaller portion of the fifth rises from 
the upper part of the medulla oblongata close upon the greater 
portion; and we recollect, that the sense of pressure upon the 
teeth and gums, and of muscular exertion attending it, depends 
upon the latter, the muscular effort itself upon the former. 

We observe, that the large root of the fifth and the portio 
dura rise together; and we recollect, that the delicate sense 
of touch upon the eye and eyelids depends upon the first, and 
the action of the orbicularis palpebrarum on the second; that 
the sense of touch in the nostrils depends upon the first, 
and the action of the muscles of the nostrils upon the second ; 
that feeling in the lips depends upon the first, and the action 
of the muscles of the lips upon the second ; and, finally, that 
the sensation of those muscles, which the second sets into 
action, depends upon the first of the two. 

We observe, that the portio dura rises near the portio mollis; 
and we recollect, that the motions of the ear depend upon the 
former, and the sense of hearing upon the latter. 

We observe again, that the sixth nerve rises near the fifth ; 
and we recollect, that it direets the eye outwards towards the 
orifice of the lachrymal gland, the secretion of which is under 
the control of the fifth. 

It is unnecessary to point out in detail how completely the 
glosso-pharyngeal and the pneumo-gastric nerves support the 
principle which.I have endeavoured to establish. That every 
nerve cannot be arranged under it (for I know not by what 
means it can fairly be made to include the first and the ninth) 
does not, I hope, render the observation valueless. 

It remains to define, which ought to have been done before, 
what are meant by sentient and voluntary nerves. By sentient 
nerves, I mean those, the division of which is followed, aby 


_instantaneous loss of sensation in a part; by voluntary, thove, 
‘ypon the division of which; fhe will ceases to influence the 


muscles they supply. What’ ‘part nerves play in sensation 
_and voluntary motion, whether they merely: ttgnsmit, impres- 
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sions, or have some further agency, is a matter of specula- 
tion. The former opinion,is perhaps the most plausible: it 
is borne out by the analogy of the general structure of the 
nervous system; and it is strikingly conaistent with the very 
curious fact, that after the amputation of a limb the patient 
always experiences for a time sensations, which, taken alone, 
would persuade him that his limb was still alive, and formed 
part of his frame. 


SECTION VII. 


Of the Influence of the Nervous System on the Vegetative 
Functions. 


This subject, perhaps of equal practical importance with the 
relation of the brain and nerves to consciousness, has not 
hitherto been studied with equal success. Yet valuable light 
has been thrown upon it by the researches of Legallois, Brodie, 
Magendie, and Wilson Philip. 

That the tears will flow on one affection of the mind; that 
the heart will beat with violence under mental excitement, or 
cease to beat under depression ; that a disagreeable image con- 
jured before the fancy will produce nausea and vomiting ; that 
distress or hope will destroy the appetite; that fear will act on 
the kidneys and the howels, are instances of the influence of 
the nervous system over the organic functions. 

They exemplify likewise the law, which seems to be uni- 
versal in this class of phenomena. The nervous system deter- 
mines the rate at which each function proceeds, the quantity of 
secretion, the frequency of involuntary muscular contraction. 
The function is performed through other influences; its time 
only is measured by the nerves. ae 

The elements in vegetative life, upon which the influence of 
the nerves has been ascertained, are involuntary. motion, secre- 
tion, growth. | i 

1. Involuntury motion. — Legallois described contradictory 
effects upon the heart’s action.supervening upon mutilation of- 
the central organs of the nervyeéugyystem. Dr. Wilson Philip 
has shown, that the abstraction -pf ibe brain, done with little 
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violence in a cold-blooded animal, bas no immediate influence 
on the heart; that crushing any considerable part of the brain 
or spinal marrow stops the heart’s action. 

2. Secretion.—The experiments of Brodie and Magendie show 
that the gastric secretion is formed after the pneumogastric 
nerves have been divided near the stomach. The secretion of 
the kidney I found to take place after its nerves had been di- 
vided, and portions of the length of a third of an inch had 
been removed. 

Dr. Wilson Philip’s remarkable researches into the influence 
of the pfeumogastric nerves on digestion, led to the following 
singular conclusion : —If these nerves are divided in the neck, 
and the divided extremities turned aside, digestion does not 
take place; but if the cut ends of the nerves are left in com- 
plete apposition, or nearly so, digestion is then performed. The 
influence, as it would appear from these experiments, which 
excites or permits the gastric secretion, being of a nature to 
pass across from one extremity of the nerve to the other. 
Nothing similar happens in the voluntary nerves. Having di- 
vided a voluntary nerve, I left the two ends in apposition; and 
here I found, that mechanically irritating the cerebral portion 
produced no action in the muscles supplied by the remote 
half. 

One of the points that are unexplained about nerves, is theit 
looping. In the tongue and in the face, branches of the fifth 
form loops with filaments of the ninth and seventh. And if the 
microscopic observations of MM. Prevost and Dumas are to be 
relied on, looping is the mode in which nerves terminate in all 
the voluntary muscles. However this may be, certain it is, 
that loops of nerves are never more freely met with than about 
organs of secretion. Thus, for the supply of the lachrymal gland, 
a loop is formed between a branch of the facial nerve and the 
lachrymal division of the fifth ; for the parotid, there is a junc- 
tion of filaments of the superficial temporal branch of the fifth 
with the facial; for the sublingual and submaxillary, the junc- 
tion of the chorda tympani with the gustatory; among the 
abdominal glands, all is plexus, network, and looping, or, to 
use a still more exceptionable Szprension, nervous . anasto- 
MOosis. 

It is not uninteresting und: this head to notice the indif- 
ferent application of nerves that have been by some considered 
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as of opposite classes to the same function. The electric shock 
which the torpedoand the electric eel communicate, are phenomena 
that would fall under the same head, as far as regards the 
nervens.:inflaence, as secretion. Now in the gymnetus the 
electsic organ is disposed along the side of the body, in the 
vicinity therefore of the spinal cord; accordingly, it is from the 
spinal nerves the organ receives its supply. In the torpedo, on 
the contrary, the electric organ is situated by the gills, nearer 
therefore to the cerebral nerves; accordingly, it is from this 
source that the electric organ in the torpedo has its supply. 
But the nearest nerves are the fifth and pneumogastric; and it 
is not from the latter alone — but from the pneumogastric quite 
to the same extent or more — that the branches of the electric 
organs are sent off; the two instances proving very clearly, that, 
as far as the production of animal electricity is concerned, the 
spinal nerves, and the fifth and the eighth, are equally effi- 
cacious. 

3. Nutrition. — Magendie found, that division of the fifth 
nerve in rabbits, within the cranial cavity, produced a sensible 
effect on the nutrition of the eye, but with a remarkable dif- 
ference. Ifthe nerve was divided near its origin, partial opacity 
of the cornea alone followed; but if the nerve was divided on 
the temporal bone, where the ganglion of Gasser is, the expe- 
riment including the destruction of that ganglion, deep-seated 
inflammation of the eye and suppuration and loss of the organ 
followed. 

These remarkable experiments seem to show, that the gan- 
glions have greater influence over nutrition than the brain. 
Still the first appears to show, that the withholding the cere- 
bral influence is felt in the nourishment of parts. 

Another instance of the same kind came under my owa ob- 
servation. A young man from a fall suffered a fractore of the 
upper lumbar vertebres. The accident produced palsy of the 
left leg; and after a few days, inflammation of the bladder fol- 
lowed. He died shortly after. On examining the vertebral 
canal, the cauda equina on the left side was found to have 
been partially crushed and bruised. The injury, hpwever, lay 
between the origin of the nerve.and its ganglion. 

I mention this case as parallel to the first of Magendie’s ex- 
periments, having little doubt #hat the inflammation of the 
bladder which always guperzegsu upon serious lesiop of the 
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apinal marrow, as well as the inflammation of the lungs and 
pleure which follows division of the pneumogastric nerves in the 
neck, or-the gastritis which ensues upon the same, are likewise 
resultant phenomena of the a a of the customary supply 
of nervous influence. 

In parts from which the general supply of nervous influence 
is withheld or lessened through palsy, it is-a fact generally 
known, that common irritants applied to the skin produce more 
than usual mischief: — thus, vesication of the skin of palsied 
limbs is produced by hot water, or when the hand is held to 
the fire, at a temperature which would not inflame the skin when 
etidued ‘with sensibility. 


CHAPTER IX. 


OF THE ORGANS OF THE SENSES. 


Our sensations are of two kinds; one internal, the éther ex- 
ternal. The first informs us of the inward condition of our 
bodily frame; the second communicates ideas of the world 
around us, 

Our inward sensations comprise an infinite variety. They 
are, first, those which have to do with the appetites — hunger, 
thirst; and the like: secondly, sensations akin to the first that 
lead to the relief of our physical necessities — such as the sen- 
sation which calls for the expulsion of urine and the like: 
thirdly, those which attend over-exertion of any organ —1in the 
muscles, fatigue — in the eyes, weakness — in the brain, confu- 
sion and sense of inability to further labour: fourthly, every 
variety of pain, of which the final cause seems to be to give us 
information of one or more organs being in a state of actual or 
threatened lesion. It is wonderful how finely the occasions, on 
which pain arises in different parts, are adapted to their 
conservation. The skin is exquisitely alive to cutting or burn- 
ing; while many inward parts—the brain for instance, the 
bowels, the ligaments — are not sensible to either of these 
injuries. The latter have no occasion for this mode of sensi- 
bility for their protection : the impressions which excite it cannot 
reach them till they have first penetrated the skin, when the 
requisite warning must have been felt. On the other hand, the 
skin, as it requires to be extensible to allow of the play of the 
joints, and even of the different degrees of plumpness or obesity 
which the frame may assume, so does it convey no sensations 
to us when it-is stretched within moderate degrees. The skin 
therefore is not calculated to give us warning when a joint 
is in progress of being strained, and its ligaments are in danger 
of being ruptured. How then: ‘ape they guarded, these im- 
passive sinews, which ‘will bear. the knife or the cautery without 
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feeling? They are so arranged as to feel, when placed upon the 
stretch, a new sensation, unlike others, sufficiently instructive 
of the kind of lesion threatened. 

It may be said, in reference to the internal senses, that the 
frame is in the completest health and condition, when they 
are not excited. The healthiest self-feeling, is the absence of 
all inward sensation. -The buoyancy of the frame im its strength 
and vigour results from the absence of all inward feeling to 
weigh it down :—when each muscular action, unchecked, 
elastic, the effort not felt, conveys a consciousness of power 
and of facility of exertion. 

The external sensations belong to eight classes. Of these, 
six have special organs, or are capable of being excited in cer- 
tain parts only, that are physically adapted to receive the im- 
pressions that excite them: two that remain are of a vaguer 
character, and are diffused more generally. | 

The six senses which have special organs are the fol- 
lowing : — 


Senses. Organs. 
1. Sight ....ccocccesseees ectecewsaioes . the eye. 
2. Hearing ....sseeee seevecvesesenas the ear. 
Bo Smell ..cocccorscesccscccvcevees we. the nose. 
4. Taste ..... aaeessauves Siemens the tongue and soft palate. 
5. The sense of effort ........... eee the voluntary muscles. 
6. Touch ........ Seeccesescecsreess +e the skin and tongue. 


The senses, which are diffused, are — 
7. The sense of heat and cold, 

and of general contact. 
8. The sense of motion. 


SECTION I. 
Of the Organ of Vision. 


The retina, as the thin terminal expansion of the optic nerve 
is called, which, cup-like in shape, is filled with transparent 
humour, has the wonderful property of communicating to us 
sensations of colour, when adequate impressions are made upon 
it. A blow upon the eye cagses it to appear to flash fire ; and 
pressure on the side of the eyeball excites the sensation of 
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coloured circles. The impressions by which we see, although 
of an inoempavably more delicate nature then the preceding, 
yet, like them, are mechanical impulses 7 the votina. They 
are produced ‘by light. 

Light consists either of imponderable and Schnwely minute 
material particles emitted from lauminows bedies, or of undula- 
tions of an ethereal medium swpposed to pervade:all space. A 
succession of particles on the ene.theory, or of undulations on 
the-other, constitutes a ray of light. Rays of light move only 
m straight hnes: their velocity is se great, that they travel 
from the sun to the earth, a distance of 95,000,000 ‘miles, im 
83 minutes. 

Luminous bodies are sach as-{onhe first theory] ‘continually 
throw off particles of light. Transparent bodies are those which 
permit the passage of light. ‘@paque bodies are those which 
obstruct it. No material substances appear to be perfectly 
opaque or'transparent. Leaf gold ‘sensrbly-transmits a greenish 
light: on the other hand, a depth of seven feet of water inter- 
cepts one half of the light which passes through it. Light moves 
in right lines; but its path is liable to -be altered in two 
ways — by reflection namely, and by refrection. 

All visible bodies that are-not luminous, are seen by means 
of rays that, having impinged upon,: are thrown back from 
their surface. If a ray of light falls upon a surface perpen- 
dicularly, it is reflected perpendicularly. If a ray of light 
falls upon a surface obliquely, and is reflected, the angles 
which it forms with a line vertical to that surface, are called 
the angles of incidence and reflection. The law of reflection 
requires that the angles of incidence and reflection be equal, 
and that the incident and reflected ray ‘be in the same plane 
with the imaginary vertical line. The term reflection is usually 
confined to those cases in which the rays are thrown back 
in a definite order, either in lines parallel to each other, or 
uniformly convergent or divergent. To produce this species 
of reflection, “a. surface must be highly polished, in order 
that there may be uniformity in the angles at which the 
greater part ofthe rays are returned. 

Refraction takes place, when a ray of light passes from one 
transparent medium inte another"of different density at any but 
a right angle. ‘Tf-the direction: £ the ray is vertical to the 
surface of the new médium, no refraction takes place, and the 
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continued path of the ray is a right line continuous swith its 
former course. If the ray enter the new medium obliquely, it 
pursues a new course, being turned or refracted towards the 
perpendicular, when the second medium is of greater density 
than the first; but refracted from the perpendicular, in the 
opposite case. Transparent substances have been ‘supposed to 
refract, in the ratio of their density and their. combastability. 
The extent of the refraction produced by the same medium de- 
pends upon the angle at which a ray enters it. All rays of the 
same kind transmitted by the same substance, form with the 
perpendicular an angle of refraction, the sine of which has a 
constant proportion to the sine of the angle of incidence. 

Light is not simple. The white light of the sun admits of 
being decomposed, through the different refrangibility of its ele- 
ments, into rays of different colours; which again are capable 
ef being recombined, when they form again white light. The 
primitive colours which form white light are three—red, yellow, 
and blue. The intermediate tints of vrange, green, indigo, and 
vielet, are contbinations of the primitive colours. The colour 
of luminous bodies depends upon the quality of the light 
they emit. The colour of bodies that are not luminous, when 
seen by white light, results from their absorbing some and re- 
fleeting others of the elementary rays. 

The compound nature of white light is physiologically illus- 
trated by the phenomena of convertible colours. If the retina 
is fatigued by fixing the eye for some seconds upon a:coloured 
spot strongly illuminated, upon averting it, the field of vision 
appears haunted by a spot of the size of that recently looked 
at, but of a different colour. If the experiment is repeated 
with different golours, the eye being directed after each trial to 
& perfectly white surface, the colour of the spectrum is found 
to have an invariable relation to the colour of the spot by 
which the eys ‘has been fatigued. The secondary colour is 
called the costvertible or accidental colour of the first. The 
term complementary, often used as synonymous with the terms 
already: ‘mentioned, is better than either. The new colour is, 
in fact, the complement of the original colour to white ; or de-+ 
duct’ the colour with which you ;wewld-fatigue theeye fiom 
white;the convertible colour ‘Pih-cartainly bevoomposed of the 
remaining elements of white light, -Pebiguerghe eye with red, 
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for instance, the colour of the spectrum produced will certainly 
be a blueish green. Each point of the retina, it thus appears, 
has.a separate perception of the different elements of white 
light, at the same time that it receives their collective impres- 
sion 3-80 that when its sensibility to one is exhausted, it can 
discern, with unimpaired distinctness, the rest of the group. 

The effect produced upon the retina by rays of light of dif- 
ferent refrangibility, may, in one sense, be considered arbitrary. 
We may imagine, on the one hand, that there are beings who 
would derive sensations of light from the deoxydizing ray, be- 
yond the violet of the prismatic spectrum; and we find, upon 
the other, that there exist human beings to whom either extreme 
of the spectrum is alike. The following statement, which I 
extract from the Medico-Chirurgical Transactions, describes the 
common form of defective vision. 

‘“* My eyes (says the writer of this narrative) are grey with a 
yellow tinge round the pupil. The colour I am most at a loss 
with is green, and in attempting to distinguish it from red, it 
is nearly guess-work. Scarlet in most cases I can distinguish, 
but a dark bottle-green I could not with any certainty tell from 
brown. Light yellow I know; dark yellow I might confound 
with light brown, though in most cases I think I should know 
them from red. All the shades of light red, pink, purple, &c., 
I calllight blue: but dark blues and black I think I know with 
certainty, Though I see different shades in looking at a rain- 
bow, I should say it was a mixture of yellow and blue, yellow 
in the centre and blue towards the edges. I have red crimson 
curtains in the window of my bed-room, which appear red to 
me-in candle-light and blue in day-light. Tbe grass in full 
vetdure appears to me what other people call red, and the fruit 
on trees when red I cannot distinguish from the leaves, unless 
when I am near it, and then more from the difference of shape 
than colour. A eweuriber and a boiled lobster, I should call 
the same colour, making allowance for the variety of shade to 
be found in b6th; and a leek in luxuriance of growth is to 
me more like a stick of red sealing-wax than any thing I can 
compare it wi 

The writer of: this narrative mentions that a similar defect in 
vision: hed occutred''in othet tnstances in his family. At 
Dr. Nicholl’s suggestion he made the curious observation, that 
on fatiguing his sipht at different times with gazing upon spots 
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of red and green on a white ground, the eye became painfully 
affected, but no accidental cIOur made its appearance *. 

When the sensations of colour are congenitally defective, it 
is of course extremely difficult to determine in what the defect 
consists. The patient has no means of comparing the sensa- 
tions which he experiences with those of perfect vision, and of 
telling how far his sight agrees with that of other men. It 
appears however certain, that in these instances the extreme 
colours of the spectrum are confounded: the eye observed to 
be unable to discriminate green and orange, these two colours 
appear the’same. It is probable that the yellow of both is the 
only colour seen with a distinctness approaching our own per- 
ceptions ; and that the blue and red are little more than degrees 
of shade or darkness. 

The simplest instance of vision is the perception of the blood- 
vessels upon the retina. They may be brought into view in the 
following manner :— Let one eye be closed, and a candle held 
near to the other, but to one side, so that the flame may not 
occupy any of the central part of the field of view. If the 
candle thus held be kept stationary, nothing occurs but a di- 
minution of the sensibility of the retina to light: but if the 
flame be continually moved up and down through a small 
space for a short period of time, the blood-vessels of the retina, 
with all their ramifications, and exactly as they are repre- 
sented by the accurate Soemmering, are projected in the field 
of view, and become distinctly seen. This curious pheno- 
menon, observed by Purkinje, has been best explained by 
Mr. Wheatstone. 

Mr. Wheatstone supposes, that the appearance seen is the 
shadow of the vascular network; and that it becomes visible 
through being made to fall intermittently upon the same points 
of the retina, or in succession upon different points. 

Mr. Wheatstone recommends the following contrivance for 
showing a variation of this experiment. A circular plate of 
metal is to be used, about two inches in diameter, blackened 
upon one side, and perforated at the centre with an aperture 
of the size of an ordinary pinhole: to this is fixed a similar 
plate of ground glass. On placing the aperture between the 
eye and the flame of a candle, and keeping the plate in motion, 

aie ' 4 
_* Medico-Chirurgical Trans. vol. ix,'p.368. 0° 
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so as to displace continually the image of the aperture on the 
retina, the blood-vessels are seen distributed as before, but 
more brightly, and the spaces between their ramifications 
appear filled with innumerable minute tortuous vessels before 
invisible. It is remarkable, that in this, as well as in the 
former experiment, in the very centre of the field of vision, 
there is a small space in which no trace whatever of vessels 
appears. 

It has been stated to be the particular endowment of the 
retina, that, when adequate impressions are made upon it, sen- 
sations of colour are produced. A very trifling addition to this 
statement contains the enunciation of a principle, upon which 
almost all the phenomena of vision depend, and to which the 
entire construction of the eye has reference. When an impres- 
ston ts made upon the retina sufficient to produce sensations of 
colour, the colour appears projected in a line vertical to the point 
of the retina which has been excited. Thus, if pressure be made 
with the finger upon the outside of the eyeball, a circular spec- 





trum is seen in the direction of the nose; if the pressure is 
made at the upper part of the eyeball, the spectrum appears 
towards the cheek ; if below, towards the eyebrow. The spec- 
trum is always opposite to the point compressed, or is pro- 
jected in a line vertical to the point of the retina which is ex- 
cited to sensation. I shall have occasion, afterwards, to mention 
the conclusive experiment .made by Scheiner, through which 
this law of vision was established. In the meaii time, the ruder 
experiment of my own, which I have mentioned, may serve to 
satisfy the reader of its justness. 

It appears that by this endowment of the retina the direction 
is rigorously determined, in which we can see by each point of 
its surface. The upper part, when excited, perceives sensations 
of colour in a direction downwards, or may be said to see down- 
wards, the lower part upwards, the inner outwards, the outer 
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inwards. Now the retina is to be used in giving us notions of 
the visual direction of objects, which are to correspond exactly 
with the notions which we derive from the sense of touch. 
Accordingly, we find placed before the retina a series of media, 
the effect of which is to produce true vision by means of the 
law of direction above stated. 

The globe of the eye is filled with transparent humours: the 
effect of these humours is parallel to that of a common double 
convex lens of glass. Interpose such a lens between the flame 
of a candle and a sheet of paper, and if the latter be at the 
proper focal distance, the result is the arrangement of the rays 
entering the lens from the candle in an inverted position, 
thus — 





Let me substitute for this diagram, one of the eye in vision, 
in which the dotted lines A B, C D, are meant to be vertical to 
the points A and C, and are to be understood to be so. 





The rays from the object towards which the eye is turned, 
are represented as reversed upon the retina. This fact, which 
is easily shown in the eye of a dead animal, is commonly con- 
sidered as a, defect in the mechanism of sight requiring com- 
pensation. So far, however, is this frcm being true, that the 
weversion of the picture is the only means by which correct 

T 2 . 
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vision could have been attained. For the upper part of the 
retina is that which alone, by the law of vision above stated, 
can see downwards; or, to speak with more precision, that can 
have sensations of colour excited in it, the apparent direction 
ef which is downwards. The rays from the lower part of the 
object must therefore be brought to the upper part of the retina, 
as the only part at which they can excite a just impression of 
the direction of the point from whence they have come. To 
refer to the diagram :— Excite the point A of the retina any 
how, so as to produce sensations of colours, they will be pro- 
jected in the line A B: excite C, the colours will be Seen in the 
direction CD. But AB is in the true direction for the upper 
part of any object looked at: the ray of light from the upper 
part of the object must therefore be brought to A. CD again 
is the true direction for the lower part of the object; the ray 
proceeding from the lower part must therefore be brought 
to C. 

In the diagrams which I have given, I have represented a 
single ray as proceeding from each point; but it is evident that 
many rays enter the eye from each point of an object. It is 
another office of the refractive media of the eye, to bring all the 
rays which enter the pupil from a single point to a focal point 
upon the retina. A diagram, therefore, of the passage of each 
ray of light through the humours of the eye must be at least as 
complicated as the subjoined figure, to convey an adequate 
notion of their agency. 





It is evident how essential it is to vision, that the rays of 
light from each point of an object should be collected upon one 
point of the retina; for, if they reached several points with 
perceptible intervals, they would necessarily give rise to as 
many different perceptions of the object, and all in different 
directions, as the points upon which they might fall; or, if 
they were vaguely spread over a circle instead of occupying a 
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point, there would be an end, thréugh their mutual intersec- 
tions, of distinct vision. The second of these two consequences 
is illustrated by the defective vision of myopic and presbyopic 
eyes. 

The myopic eye is the common short-sighted eye of young per- 
sons; in it the cornea and aqueous humour are too convex, and the 
lenses of the eye are therefore too highly refractive. The result 
is, that parallel rays of light entering the pupil are brought to 
a focus before they reach the retina; and having crossed and 
begun to disperse again, are spread upon the retina in a circle 
instead of a point. This defect is corrected by the use of 
glasses of a divergent quality, which spread the rays a little 
before they enter the too powerfully refractive eye. Without 
glasses the myopic eye sees distinctly objects which are near; 
for from these the rays which enter the pupil are already di- 
vergent. 

The presbyopic eye is the cause of imperfect vision in old 
people: in it the aqueous humour is not sufficiently convex ; 
the humours of the presbyopic eye are therefore not sufficiently 
refractive, and can bring to a focus upon the retina no rays 
that are at all divergent when they reach the pupil. Distant 
objects however, from which the rays are parallel, the presby- 
opic eye sees without assistance. To enable such an eye to 
see near objects, a lens of a convergent quality must be made 
use of. 

The former point to which I adverted —the consequence, 
namely, of the rays of light from a single point of the object 
reaching the retina at different points with perceptible inter- 
vals — is illustrated by, and gives me a fitting opportunity of 
describing the experiment made by Scheiner, through which 
the law of visual direction was originally shown. 

If the head of a pin be viewed with one eye at the distance 
of three incheg, that is to say at a distance nearer than the 
limits of distinct vision, the pin-head appears large and im- 
perfectly defined, the outermost part of the cone of rays, which 
enters the pupil from each point of the object, having been too 
divergent to be brought to a focus on the retina. A well- 
constructed eye looking at an object at this distance is in the 
situation of a presbyopic eye directed to any but remote ob- 
jects. Now, if a card pierced with a single pin-hole be inter- 
‘posed between the eye and the head of the pin, the outline of 
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the latter is of. Ace rendered clear and definite. The minute 
hole throygh which it i8 seen excludes the cone of rays, 
allowing one ray alone from each point of the object to reach 
the retina. 

But the object may be seen by rays passing through the 
upper part, or the middle, or the lower part of the pupil, ac- 
cording as the card is raised or lowered ; and the apparent place 
of the object may by this means be made to shift: the object 
appears to rise when the card is lowered, to sink when it is 
raised. Or, instead of one, let three minute pin-holes be made 
close to each other on a vertical line. The diagram which is 
adjoined is meant to illustrate all the phenomena which are 
then observed. 





By this experiment a clear picture of the object is produced 
upon three parts of the retina, The consequence is, that three 
distinct objects are seen ; when it is easy to ascertain, by closing 
the pin-holes in succession, that the lowest of the three ob- 
jects results from the impression made upon the upper part of 
the retina, and vice versa. In other words, each point of the 
retina upon which you collect the rays from the object, sees 
the object in a direction vertical to it, agreeably with the law 
which has been already introduced to the reader’s notice on 
other evidence. 

Let me now describe the nature of the refracting media within 
the eye, which we have hitherto viewed as comparable to an or-_ 
dinary double convex lens. 

The refracting media in the eyeball are the cornea, the. 
aqueous humour, the lens or crystalline humour, and the yi- 
treous humour. —_ 
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_ Phe comes is forttied of“ tratsparent dense elastic laminated 
stiistancé, beltig a ségineit-6f a smaller sphere than the globe 
of the eye. Ad'it# surfaces are nearly parallel, it deserves per- 
haps rather to be described as a piece in the case of the eye, 
tlian as part of the tnechanism by which light is modified in its 
passage to the retina. The cornea is .03 of an inch in thickness 
at its centre. 

The aqueous humour is a liquid, which consists of water 
impregnated with albumen, gelatin, and muriate of soda: its 
refractive, power, according to the observations of Sir David 
Brewster and Dr. Gordon, may be estimated at 1.3366, that of 
water being 1.3358. % 

The form of the aqueous humour depends upon the partis. 
which confine it. The aqueous humour is contained between : 
the cornea and the lens, and forms a meniscus. Its specific 
gravity is 1.0088. 

The crystalline is a double convex lens, of which the ante- 
rior surface is flatter than the posterior: its substance is gela- 
tinous, and of much denser consistence at the centre than near 
the surface: it is contained in a thin capsule. Its composition, 
according to the analysis of Berzelius, is as follows : 


WW OLER *.cecavind ncanasnluieueevedese voce aweloluaiichereeunsay Weems eis sieseuahs 68 
PeGuliak Matter ip essendcvees csescerccdiseiessinaseepcayeetioeensaiiaranaeaeks 35.9 
Muriates, lactates, and animal matter soluble in alcohol ....... .. 2.4 
Animal matter soluble only in water with some phosphates......... 13 
Portions of the remaining insoluble cellular membrane ..,......... 2.4 

100.0 


The refractive power of the different parts of the crystalline 
humour, according to Sir David Brewster and Dr. Gordon, is as 


follows : 


Refractive power of the outer coat of the crystalline ............. 1.3767 
Refractive power of the middle coat of the crystalline............ 1.3786 
Refractive power of the central part of the crystalline ........... 1.3990 
Refractive power of the whole crystalline ............scccccescsseeee 1.3839 


The specific gravity of the crystalline is 1.0765. 

The vitreous humour is a liquid resembling the aqueous 
humour; but it 1s contained in a proper capsule termed the 
hydloid membrane, from which innumerable membranous pro- 
cesses pass inwards to form a series of cells in which the liquid 
is lodged ; the vitreous humour nearly fills the eyeball. The 
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lens is imbedded in its fore part; the hyaloid membrane upon 
approaching the margin of the lens splits into two layers, one 
of which passes behind the lens adhering to its capsule, the 
anterior passes upon the fore part of the lens and becomes 
identified with its capsule. Air may be blown into the circular 
channel between the two layers of the hyaloid membrane at 
the margin of the lens: this channel is termed the canal of 
Petit. 

The refractive power of the vitreous humour is 1.3394. In 
specific gravity and chemical composition it resembles the 
aqueous humour. | 

The object sought and attained by the employment in the 
eye of several media of different density and refractive power 
appears to be the following. 

Light when refracted by transmission through a single trans- 
parent substance is more or less separated into its constituent 
colours. This effect is called the dispersion of light; it arises 
from the different refrangibility of different coloured rays. The 
dispersive power of different transparent media is not propor- 
tioned to their refractive powers, nor does it affect the different 
elements of light always in the same ratio. Accordingly by 
combining, or rather opposing to each other lenses of different 
dispersive powers, while the required amount of refraction may 
be obtained, the opposite dispersions are neutralized. This is 
the principle upon which achromatic telescopes are constructed. 
In the structure of the eye a parallel adjustment is certainly 
made, although in what way exactly has not yet been explained 
in a satisfactory manner. 

As the joint effect of the transparent media above described 
and of the figure of the retina, the rays that enter the pupil 
from a given point of an object are collected without dispersion 
into a focus upon that part of the retina, which is vertically 
opposite to that point: and thence, through the operation of 
the law before explained, we have intuitive knowledge of the 
true direction of any point of an object at which we look, that 
is at a proper distance and adequately illuminated. These pre- 
mises being admitted, it is evident, that every object, at which 
we look, must have a definite visual magnitude, inasmuch as 
the apparent size of an object must exactly depend upon the 
space which its outline occupies upon the retina. Now the 
same object at different distances will, it 1s easily shown, oc- 
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cupy a larger or smaller area in the retina. The nearer it is, 
the larger will be that area; the more remote, the less. Here 
then is a provision by means of which we may learn to judge 
of the relative distance of a known object. But has the eye 
no original measure for, or perception of distance? It appears 
by a remarkable case, recorded by Cheselden, that it has not. 
That philosophic surgeon, after performing the operation of 
couching, studied the effect of the first visual impressions upon 
his patient, which he describes in the following words. 

“This young gentleman either had been born blind, or had 
lost his sight so early, that he had no remembrance of ever 
having seen: the blindness arose from a cataract, or opaque 
crystalline, in both eyes. Like other persons who have ripe 
cataracts, he was not so blind but that he could discern day 
from night, and for the most part in a-strong light distinguish 
black and white and scarlet. When he first saw, he was so far 
from making any judgment about distances, that he thought 
all objects whatever touched his eye (as he expressed it), as 
what he felt touched his skin. He knew not one thing from 
another, however different in shape or magnitude; but upon 
being told what things were, whose form he before knew from 
feeling, he would carefully observe that he might know them 
again. Two months after being couched, his attention seems 
to have been drawn to the effects of painting, which he then 
first and at once comprehended: but even then he was no less 
surprised, expecting the pictures would feel like the things they 
represented, and was amazed when he found those parts, which 
by their light and shadow appeared round and uneven, felt only 
flat like the rest; and asked which was the lying sense, feeling 
or seeing ? 

“ Being shown a small miniature of his father, and told what 
it was, he acknowledged a likeness, but was vastly surprised, 
asking how it could be that a large face could be expressed in 
so little room, saying it should have seemed as impossible to 
him, as to put a bushel into a pint. At first he could bear but 
very little light, and the things he saw he thought extremely 
large; but upon seeing things larger, those first seen he con- 
ceived less, never being able to imagine any lines beyond the 
bounds he saw. The room he was in, he said, he knew to be 
but part of the house, yet he could not conceive that the 
whole house could look bigger. Before he was couched, he 
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expected little advantage from seeing worth undergoing an opé- 
ration for, except reading and writing ; for he said, he thought 
he could have no more pleasure in walking abroad than he had 
m the garden, which he could do very safely and readily ; and 
even bhndness, he observed, had this advantage, that he could 
go anywhere in the dark, much better than those who can see : 
and after he had seen, he did not soon lose this quality, nor 
desire a light to go about the house in the night. He said 
every new object was a new delight, and the pleasure was so 
great that he wanted ways to express it: but his gratitude to 
Mr. Cheselden he could not conceal, never seeing him for some 
time without tears of joy and other marks of affection. A year 
after first seeing, being carried upon Epsom Downs, and ob- 
serving a large prospect, he was exceedingly delighted with it, 
and called it a new kind of seeing: And now being lately 
couched of his other eye, he says that objects at first appeared 
large to this eye; but not so large as they did at first to the 
other; and looking upon the same object with both eyes, he 
thought it looked about twice as large as with the first 
couched eye only, but not double that he can any ways dis- 
cover *.”’ 

By part of these interesting details rt appears evident, that 
the sense of sight originally gives us no information respecting 
either the distance or real magnitude of objects, and that there 
is no essential resemblance between the ideas communicated by 
vision and by feeling. The early years of life are mstinctively 
employed in learning to interpret the visible signs ef external 
objects. For this purpose, as soon as there is intelligence im 
an infant’s gaze, it extends its hands to touch and examine 
each object in succession which attracts its notice. 

The eye has no original measure for distance, and gives us 
ne certain notion of real magnitude. When the eye is fixed 
upon a point on the wall of a narrow chamber, or in-the vault 
of heaven, it seems to command an oval or circular area of 
equal visual dimensions : a foot-rule under these cireumstances, 
held at the distance of a few inches before the eye, measures 
equally the side of the room or a segment of the firmnament. 

When the actual size of an object is unknown to’ us, and’ we 
look at it, if at a certain degree of remoteness, with both eyes, 
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or éf near with one eye only, we judge of its distance by the 
greater or less indistinctness of its colour and outline. We 
judge of its real magnitude by a calculation founded upon its 
apparent size and probable distance. Hence we are liable to 
continual mistakes on these points. An Englishman in the 
clear atmosphere of Italy supposes distant objects to be nearer 
to him than they are. We think the moon larger when near 
the horizon than when above our heads; near the horizon the 
moon is more dim, we therefore by analogy suppose her more 
remote; but her visual diameter being really the same, we 
therefore are persuaded that her disk is broader. 

Hitherto we have considered sight in reference to vision with 
a single eye; but habitually we employ both eyes; and it is 
interesting to inquire what are the conditions which render vi- 
sion under these circumstances single or double. 

It is to be borne in mind that the centre of the retina, from 
whatever cause it may proceed, furnishes the most distinct vision. 
Hence in looking at a point of an object, we invariably direct 
the axis of the eye towards it; and when we look with one eye 
at a succession of objects placed in a@ dine directly befure us, but 
at different distances, the optic axes are seen to incline inwards 
when we regard the nearest object, and to increase their direction 
outwards as we view those which are more remote. 

Now when we look with both eyes at any one of sucha 
series of objects, that one appears single, the rest appear double. 
This familiar but remarkable phenomenon has given rise to the 
hypothesis that there are corresponding points in either retina ; 
it is supposed that when an object is delineated upon those 
points of the two retines which are naturally associated, it ap- 
pears single, and double under other circumstances. But it 
seems unnecessary to resort to this explanation of the fact. It 
has been already shown that objects are seen in a definite di- 
rection; when therefore it happens that the visual direction of 
an object is the same or nearly the same for both eyes, that 
object appears single; when different, the object appears 
double. In both cases two objects are seen: but in single vi- 
sion they are seen in the same place, and therefore necessarily 
appear to form but one: the images coincide, and are therefore 
essentially indistinguishable. 

It is easy through another simple artifice to render vision 
double. By pressure with the finger we may raise or depress 
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one eyeball,—when the object seen by that eye appears to shift 
its place, as the position of the organ is varied. The effect, 
which is thus produced at will in an experiment, sometimes 
occurs as the result of disease. M. Magendie mentions the 
case of a gentleman in whom, from palsy of the third nerve, 
the left eye is permanently drawn outwards ; the consequence 
of which, he observes, is, that with that eye the patient sees 
objects in their wrong place, “ déplacés de vingt 4 vingt cing 
dégrés @ droite de leur position.” The case is curious, but not 
without its parallel; and the account of the result of the dis- 
placement of the eye is incorrect. It is not true that the ob- 
ject is seen by the averted eye out of tts true position ; the proof 
of which is, that an eye thus affected, or similarly pushed aside 
for experiment’s sake, will take as true an aim as before, or look 
along a line as justly towards a remote object. The object is 
seen apparently in two places, yet both eyes see truly. This 
paradoxical circumstance renders evident one of the most curious 
provisions in our frame, namely, tlie extreme nicety with which 
the two eyes are collocated, so that their impressions may ex- 
actly tally. 

The convergence of the optic axes has to do in a certain de- 
gree with our appreciation of distance and real magnitude. 
When, indeed, objects are placed at such a distance that in 
regarding them the optic axes remain parallel, our notions upon 
these points are entirely derived in the ways already explained. 

Bet when they are situated nearer, the sensation attending 
each degree of inclination of the optic axes enters as an im- 
portant element into our estimate. Mr. Wheatstone has shown, 
in a paper he is about to publish, that if by artificial means 
the usual relations which subsist between the degree of inclina- 
tion of the optic axes and the visual angle which the object 
subtends on the retina be disturbed, some extraordinary illu- 
sions may be produced. Thus the magnitude of the image 
remaining constant on the retina, its apparent size and distance 
may be made to vary with every alteration of the angular incli- 
nation of the optic axes. The author also proves, that the adap- 
tation of the eye to distinct vision exercises no modifying influ- 
ence on these perceptions; and, contrary to the opinions of 
Dr. Wells and other eminent optical writers, that there exists 
no necessary connection between this adaptation and the con- 
vergence of the axes. 
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One of the most remarkable results of Mr. Wheatstone’s 
investigations respecting binocular vision is the following. A 
solid object being placed so as to be regarded by both eyes, 
projects a different perspective figure on each retina; now if 
these two perspectives be accurately copied on paper, and pte- 
sented one to each eye so as to fall on corresponding parts, the 
original solid figure will be apparently reproduced in such a 
manner that no effort of the imagination can make it appear as 
a representation on a plane surface. This and numerous other 
experiments explain the cause of the adequacy of painting to 
represen? the relief of objects, and indicate a means of repre- 
senting external nature with more truth and fidelity than have 
yet been obtained. It would require too much space to enter 
upon the physiological views to which these experiments have 
led their author. 

For perfect vision with the human eye, it seems requisite that 
the rays of light should undergo no reflection after reaching 
the retina. To provide for this object, the delicate membrane 
called the chorioid, which immediately contains the retina, 
secretes in the human eye a black mucus called the pigmentum 
nigrum, which has the effect of absorbing the rays of light 
which have once reached the retina. Those in whom this black 
pigment is wanting have a weak sight, and only see distinctly 
in an obscure light. We may suppose the retina in such causes 
hable to be dazzled by the reflection of part of the light from 
the vascular chorioid. On the other hand there are animals, 
which habitually seek their prey in the dusk; in these and in 
several instances where the final cause of the peculiarity of 
structure is not equally obvious, the back part of the chorioid 
is covered with a membrane termed the tapetum lucidum, which 
presents a brilliant reflecting surface. The lustre of the eyes 
of cats in an obscure place results from this cause. It is sup- 
posed that the double impression of a low degree of light upon 
the retina may be equivalent to the single impingement of 
brighter light. M. Magendie ingeniously compares with this 
disposition of parts a structure observed by himself in the eyes 
of birds remarkable for their acute vision. In the eagle, the 
retina lies in numerous folds, so that we may suppose it severe 
times perforated by the rays of light. 

_ The eye of the Albino is remarkable for its want of pigmen- 
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tum nigrum, in consequence of which the pupil and the ins are 
coloured of different shades of red. In such persons vision 1s 
weak in the ordinary light of day, and distinct only in a 
darkened room or at twilight. The eyes of Albirioes are like- 
wise observed to be in perpetual motion, unconsciously oseil- 
lating from side to side, even when their sight is most steadily 
bent upon an object. There can be little doubt that this pro- 
vision is intended to save the unprotected retina, by preventing 
@ continued impression of undue intensity upon one point. 
Other people use one part of the retina for perfect vision, and 
direct it successively towards the different points of un object 
while examining it: the Albino uses several, continually alter- 
nating from one to the other. The motion is unattended with 
any apparent change of place in the object (such as that ad- 
verted to wken the eye is pushed or drawn aside), upon the 
same principle as when for experiment’s sake we intentionally 
roll the eye from side to side: the scene before us in either 
case remains visibly stationary, because the parts of the retina 
upon which each point of an object is successively delineated, 
are in their turn brought opposite to the same point in space. 

The principal use of the iris appears to be, to equalize the 
quantity of light admitted within the eye under different cir- 
cumstances. It is well known that the aperture of the iris, or 
the pupil, is diminished when light is more intense, and enlarges 
under a more obscure light. What principally deserves atten- 
tion in this phenomenon, is the mechanism through which a 
change in the diameter of the pupil is produced. 

The most ready manner of accounting for the alteration of 
the size of the pupil is to suppose the substance which forms 
the unattached margin of the iris irritable. In many instances 
the iris distinctly consists of two portions, which appear from 
their colour to be differently organized —of an outer broader 
part, and an inner narrow ring. In birds especially, in which 
the pupil is as mobile as their vision is perfect, the inner ring 
of the iris generally presents a hue totally different from the 
outer, and beginning at an abrupt line. In a parrot belonging 
to Mr. Hawes, of which I do not know the species, the inner 
ring is grey or slate-coloured, the outer ring yellow or orange. 
If the eye of this animal is attentively watched, the grey inner 
ring of the iris may be observed, when the pupil contracts, to 
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become sensibly narrower, as if it is the part that acts. I 
have not observed a similar change, however, in the iris of any 
other bird, though many have the iris similarly coloured. 

Upon watching the eye of a cat or of a hawk, the contraction 
of the pupil appears often to be voluntary. When the eye of 
the animal is bent upon an object that excites its attention, 
yet which does not shift its position, the pupil may be seen to 
enlarge and to contract alternately. The animal is probably 
employed in examining the object under different lights by 
intentionally admitting more or fewer rays through the pupil. 

Another remarkable circumstance concurs with the. preceding 
in establishing a resemblance between the action of the iris and 
that of voluntary muscles. The iris receives nerves from two 
sources, from the sentient part of the fifth, and from the third : 
the main part of the latter is distributed as a voluntary nerve 
to the muscles of the eye. Now if the head of a pigeon is cut 
off, and, instantly after, the upper part of the cranium is re- 
moved, and the entire brain be taken out, on pinching the 
portion of the third nerve which remains attached to the eye, I 
observed that the pupil is contracted suddenly, just as the 
biceps flexor cubiti acts in an animal recently killed, when the 
nerve which supplies that muscle is pinched. A similar injury 
to the fifth nerve produces no visible effect. 

If the third nerve is divided in the cranial cavity, while the 
animal is alive, the pupil immediately dilates to the utmost, 
and remains afterwards immoyeable, the iris being seemingly 
paralysed. When again the third nerve is pinched in the cra- 
nial cavity of a young cat inatantly after death, the iris will 
occasionally act as in the pigeon. In either case the exposure 
of the nerve must be very promptly executed, or the effect 
described does not happen. 

I have already mentioned the curious changes which M. Ma- 
gendie observed to ensue gradually in the eyes of rabbits after 
the division 8f the fifth nerve; but another remarkable effect 
followed instantaneously: the pupil became diminished to a 
point, and the eye was apparently blind. Blindness, however, 
had not appeared to. ensue in pigeons in which I had before 
this made the division of the fifth nerve, and I have subse- 
quently ascertained that the division of the’ fifth nerve in the 
cranial cayity of a cat produces no such effect; and M. Ma- 
gendie has likewise since found, that if a bright light be con- 
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centrated with a lens upon the eye of the rabbit after the same 
experiment, the retina is evidently sensible to the impression. 
But the contraction of the pupil in this experiment remains 
unexplained ;—a singular anomaly, placed perhaps in a still 
stronger light by the following experiment, which I have re- 
peated several times. A young rabbit being killed, the upper 
part of the cranium was immediately removed, together with 
the cerebrum. The optic nerve thus exposed was pricked, and 
then divided ; no movement of the iris ensued: the third nerve 
was pricked and then divided; the iris exhibited no change: 
the fifth nerve was then slightly compressed, when the pupil 
became contracted, not suddenly, but slowly and gradually, 
and then slowly dilated again: upon now dividing the fifth, 
the pupil became contracted to the utmost, but in a gradual 
manner, although more promptly than when compressed only, 
and remained in this state. It is difficulc to explain this sin- 
gular phenomenon. But it should be mentioned in connection 
with it, that in the cat and pigeon, in which the iris is paralysed 
by the division of the third nerve, and the pupil remains per- 
manently dilated afterwards, the pupil dilates likewise in death. 
In the rabbit, on the contrary, the pupil contracts as soon as 
life is entirely extinguished. 

It remains uncertain what properties the human iris is en- 
dowed with. It is probable that its inner unattached edge 
is capable of voluntary contraction: but being accustomed to 
employ it on two occasions alone (when the light thrown on 
objects or their distance varies), we lose part of our original 
control over it. Such appears to be the condition of the 
muscles of the soft palate, which most persons are capable of 
moving in one or two combined actions only; but they are not 
the less under the influence of the will; and some persons are 
found, according to M. Magendie, who can move them sepa- 
rately at pleasure. 

If light be too intense, the eye is dazzled, and objects are no 
longer distinguished : if the quantity of light be very inconsi- 
derable, no adequate impression is made upon the retina, and 
vision does not take place. If again we enter suddenly an ob- 
scure chamber not absolutely dark out of bright daylight, for a 
few seconds we discern nothing ; but the eye quickly accom- 
modates itself to the obscurer light, and vision is restored. __ 

Under any advantage of light it appears that objects are only 
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perfectly seen when within a certain range of distance.’ The 
image of an object upon the retina [as upon a mirror] is dimi- 
nished in proportion as its distance is increased ; and when the 
space the image occupies is reduced to less than a certain 
dimension, it wholly ceases to produce sensation. This remark, 
it will be seen, bears upon an expression that has been em- 
pleyed in the preceding pages, and which, though it is con- 
venient to retain it, must be taken with some modification of 
its meaning. The cone of rays which enters the pupil from 
any visible point of an object is said to converge to a focal 
point upon the retina; it is obvious, that such a focal point is 
different from a point in the mathematical sense of the word ; 
it signifies only a very small circle. 

But there is another cause, why the range of perfect vision 
has its limits, which has been already adverted to. It appears 
by the phenomena of myopic and presbyopic eyes, that a 
very nice arrangement of the rays of light upon the retina is 
necessary for distinct vision; it is not therefore wonder- 
ful that we cannot see perfectly at all distances; but on the 
contrary it ought rather to excite our admiration, that we are 
able to see objects with any degree of distinctness at more 
distances than one. For when we consider how different the 
angles must be at which the marginal rays of each cone reach 
the pupil from objects of different remoteness, it is natural to 
expect that the focal length of the eye adapted to any one case 
will be entirely unfit for others. Nevertheless we are not 
conscious of having to make an effort to change the refractive 
power of the eye, at the time when we direct our attention 
from a near object to one more distant. 

A simple experiment, however, serves at once to prove, that 
when the eye is adapted to seeing objects distinctly at one dis- 
tance, .Jt is not adapted to seeing objects with equal distinct- 
ness at another; and that we possess a voluntary power of 
altering the focal length of the eye. 

If a clear straight line is drawn with a pen upon a plane 
white surface from a. foot to three feet in length, and the eye 
is placed just above the level of the white surface, and is 
directed along the black line, the latter appears distinct at 
one point only, on either side of which it appears’ confused, 
and spread over a widening space. If the eye is fixed updén a” 
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point nearer than that first looked at, but within the limits of 
distinct vision, the near point becomes clearly defined, and the 
remote point confused. 

In Dr. Young’s optometer such a single line is seen through 
several narrow slits in a thin brass plate, two or more of which 
correspond with the aperture of the pupil. Hence it happens, 
that except at the point to which the eye is adjusted, the line 
appears double or triple : or the separate lines are seen to cross 
at the point at which vision is distinct ; and the crossing of the 
lines may be made to appear more or Jess remote by directing 
the attention successively to different points of thesurface. By 
means of a convergent lens, the effect of unlimited distance is 
given to the length of a few inches upon the optometer, while 
a graduated scale shows the true distance at which vision is 
distinct. 

At eighteen or nineteen years of age, a seo: eye should be 
capable of adjusting itself to objects situated at any point 
between five or six inches from the eye and infinite distance, 
or even of bringing to a focal point upon the retina convergent 
rays. As life advances, the range of the adjusting power of the 
eye is continually diminished by an increasing inability to dis- 
tinguish nearer objects. Between fifty and sixty, the refractive 
power of an eye originally perfect 1s qualified to bring to a 
focus parallel rays only, and the power of adjustment is wholly 
lost. A myopic eye does not, as it 18 ysually supposed, ac- 
quire a long sight in the advance of life; it possesses at first 
a certain power of adjustment, as for instance, between four 
and twelve inches; and when the power of adaptation is lost, 
its vision, like that of an eye originally good, continues perfect 
at the remotest point to which its powers of adjustment origi- 
nally extended. 

The mechanism by which the eye alters its focal length re- 
mains in obscurity, notwithstanding the numerpus attempts that 
have been made to explain it. 

An experiment made by Dr. Young, contravenes the sup. 
position that the change produced for this purpose consists in ar 
alteration of the form of the cornea. A convex lens fixed it 
a socket, which contained water, and the edges of which wer 
.seetived with wax, was applied to the eye, so that the corne 
_ entered half way into the socket, and was everywhere in contac 
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with the water: the eye immediately became presbyopic ; 
but upon the addition of another convex lens to make up for 
the loss of the refractive effect of the aqueous humour, vision 
was restored to its natural state, and the eye regained the 
power of adjustment*. 

Other experiments, made by Dr. Young, set aside the sup- 
position that a change takes place in the length of the axis of 
the eye, to fit it for vision at different distances ;—if experi- 
ments are indeed necessary to disprove the application to this 
delicate organ of any considerable pressure, of which we have 
no consciousness at the time when upon this hypothesis it 
should take place. 

Dr. Young himself concludes that the means of adjust- 
ment consist in a change of form in the crystalline, the fibres 
of which he describes, and which he supposes to be irritable. 
But it does not appear from direct experiment that the crys- 
talline possesses irritability ; and if a conclusion may be drawn 
from a single observation upon a point so delicate, the instance 
of Henry Miles, recorded by Sir Everard Home, will seem to 
prove that the eye may retain its power of adjustment after the 
removal of this part-t. 

The only evident change in the eye, when adjusting its 
focal length to different distances, is an alteration in the dia- 
meter of the pupil. The pupil enlarges when a distant object 
is seen, and diminishes when we look at a nearer point. 
Upon a superficial analogy we might conclude, that these 
changes are sufficient to produce the requisite alterations of 
the focal length of the eye: for by viewing objects through 
a series of pinholes in a card, the largest smaller than the 
aperture of the pupil and each of the rest in succession smaller 
than the last, the eye ts rendered capable of seeing distinctly 
at the distance of four, of three, and even of two inches. 
When, howevgr, ‘the correctness of this hypothetical explana- 
tion is put to the test of direct experiment, the explanation 
proves to be erroneous. 

In investigating the point under consideration, { availed my- 
self of the assistance of Mr. Robinson, of Devonshire Street, 


* Phil. Trans, vol, xci, p. 58. 
+ Phil. Tea sat xcii, p. 8. 
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a very ingenious artist, who makes the optometer contrived by 
Dr. Young, and who is conversant with the use of that instru- 
ment. 

A room was darkened by half closing the shutters, and I 
attentively observed the state of the pupil, when Mr. Robin- 
son directed his eye to a definite point upon the optometer: 
the pupil was of course considerably dilated: the shutters 
being then opened, the pupil instantly contracted, but the 
point upon the optometer at which the lines crossed did not 
appear to the observer to shift its place. 

When by some practice I had accustomed my own eye to the 
use of the optometer, I compared its range in the brightest 
and in the obscurest hight in which the lines were visible, and 
observed no apparent difference in the two cases. Mr. Ro- 
binson made a similar observation. Either of these experi- 
ments prove that the change in the size of the pupil is not 
the means by which the adjustment of the eye to distances is 
effected. But an additional fact may be mentioned. In an 
old lady of sixty-seven, whose sight in early life was re- 
markably good, but whose eyes can now only bring to a 
focus parallel rays, the pupil retains its mobility perfectly 
under variations of light; and even sensibly moves upon her 
making ineffectual attempts to read without spectacles a page 
held at different distances from her. 

It deserves remark, that after the eye has had some prac- 
tice in accommodating itself to exact vision at different dis- 
tances, it is easy when ap object, as for instance a screen, is 
held at the distance of six or seven inches, and has been 
for a-few seconds distinctly seen, to adjust at pleasure the 
focal length of the eye for vision at a remoter point: under 
these circumstances the object held before the eye becomes 
confusedly seen ; the optic axes diverge, ‘and the pupil dilates. 
In a similar way the eye may be adjusted at, pleasure to a 
‘shorter distance, at which no visible object is situated : thus a 
power appears to be acquired of voluntarily influencing the 
action of the iris. | 

I have already observed that one part of the retina appears 
habitually used for accurate vision : to illustrate this subject 
further, I subjoin, the following extract. from, a "paper of 
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‘The visual axis (observes Dr. Young) being fixed if any 
direction, I can at the same time see a luminous object placed 
laterally at a considerable distance from it; but in various 
directions the angle is very different. Upwards it extends to 50 
degrees, inwards to 60, downwards to 70, and outwards to 90 
degrees. These internal limits of the field of view nearly cor- 
respond with the external limits formed by the different parts of 
the face, when the eye is directed forwards and somewhat down- 
wards, which is its most natural position; although the internal 
limits are a little more extensive than the external; and both are 
well calculated for enabling us to perceive the most readily such 
objects as are likely to concern us. Dr. Wollaston’s eye has a 
larger field of view, both vertically and horizontally, but nearly 
in the same proportions, except that it extends further upwards. 
It is well known that the retina advances further forwards 
towards the internal angle of the eye than towards the external 
angle; but upwards and downwards its extent is nearly equal, 
and is indeed every way greater than the limits of the field of 
view, even if allowance is made for the refraction of the cornea 
only. The sensible portion seems to coincide more nearly with 
the painted chorioid of quadrupeds; but the whole extent of 
perfect vision is little more than ten degrees ; or more strictly 
speaking, the imperfection begins within a degree or two of the 
visual axis, and at the distance of five or six degrees becomes 
nearly stationary, until at a still greater distance vision is wholly 
extinguished. The imperfection is partly owing to the una- 
voidable aberration of oblique rays, but principally to the insen- 
sibility of the retina; for if the image of the sun itself be 
received on a part of the retina remote from the axis, the im- 
pression will not be sufficiently strong to form a permanent 
spectrum, although an object of very moderate brightness will 
produce this effect when directly viewed. The motion of the 
eye has a range of about 55 degrees in every direction, so that 
the field of perfect vision, in succession, is by this motion ex- 
tended to 110 degrees *.”’ 

Mariotte discovered the curious fact, that there 1s a certain 
part of the retina insensible to the ordinary impressions of light. 
The most ready way of making the experiment which proves 
this, is to lo’k steadfastly with one eye, the other being clased, 
at a mark on @ sheet of white paper, placed at the ordinary 
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reading distance from the eye ; and whilst the eye thus remains 
stationary, to move a coloured wafer along the surface of the 
paper on the external side of, and on the same horizontal line 
with the mark. Atacertain point in this line, the wafer will com- 
pletely disappear; but it may be rendered again visible, by moving 
it either farther from or nearer to the fixed mark. This insen- 
sible part may be shown to correspond with the place at which 
the optic nerve enters. This circumstance induced Mariotte to 
consider the chorioid as the seat of vision rather than the retina; , 
for, argues he, here is no deficiency of that nervous matter of 
which the retina is the expansion, but the-chorioid is wanting. 
The following experiment of Purkinjé’s will show the erroneous- 
ness of this conclusion, which has not wanted supporters among 
modern physiologists. By repeating the above experiment, 
substituting the flame of a candle for the wafer, he has proved, 
that though no image of the object is formed at this part, it is 
still not insensible to light, for a diffused reddish light appears 
to occupy the place of the flame. The optic nerve is not 
insensible, as Mariotte’s hypothesis supposes ; but objects are 
not seen by this part, in consequence of their image falling on 
the projection of the central artery, which here emerges from and 
traverses the nerve. The red nimbus results from the passage 
of light through this blood-vessel, the irregularity and semi- 
transparency of which prevents it from transmitting the image. 

Dr. Wollaston described a partial and temporary insensibility 
of the retina in both eyes which twice occurred to himself, and 
which has directed attention to similar cases. The following are 
Dr. Wollaston’s words. 

‘It is now more than twenty years since 1 was first affected 
with the peculiar state of vision to which I allude, in conse- 
qnence of violent exercise I had taken for two or three da 
before. I suddenly found that I could. see but half the face of 
a man whom I met; and it was the same with réapect to: every” 
‘object I looked at. In attempting to read the name Jonson 
over a door, I saw only sON ; the commencement of the 
name being wholly obliterated to my view. In this instance the 
loss of sight was toward my left, and was thé same whether I 
looked with the right eye or the left. This blindness was not so 
complete as £0 Amount to absglute blackness, but was a shaded 
darkness without definite cjitline.,.:- The complaint was of 
" ghort duration, and in about. a qt fof an hout might be suid. 
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to be wholly gone, having receded with a gradual motion from 
the centre of vision obliquely upwards toward the left. 

“Since thia defect arose from over-fatigue, a cause common 
to many other nervous affections, [ saw no reason to apprehend 
any return of it, and it passed away without need of remedy, 
without any further explanation, and without my drawing any 
useful inference from it. 

“It is now about fifteen months since a similar affection 
occurred ag@in to myself, without my being able to assign any 
cause whgtever, or toconnect it with any previous or subsequent 
indisposition. The blindness was firat observed, as before, in 
looking at the face of a person I met, whose eft eye was to my 
sight obliterated. My blindness was in this instance the 
reverse of the former, being to my right (instead of the left) 
of the spot to which my eyes were directed; ao that I have no 
reason to suppose it in any manner connected with the former 
affection. 

“The new punctum cecum was situated alike in both eyes, 
when at an angle of about three degrees from the centre: for 
when any object was viewed at the distance of about five yards, 
the point not seen was about ten inches distant from the point 
actually looked at. 

“On this occasion the affection, after having lasted with little 
alteration for about twenty minutes, was removed suddenly and 
entirely by the excitement of agreeable news respecting the safe 
arrival of a friend from a very hazardous enterprise.” 

Dr.*Wollaston was led to infer from the symptoms which have 
been described, a peculiarity of structure in the commissure of 
the optic nerves, the existence of which has been confirmed by 
anatomical examination. It has been already mentioned, that 
the outer fibrils of the tractus opticus of one side are continued 
to form the outer part of the optic nerve of the same side, and 
that the fibrile*next in order pass over to the inner and central 
part of the opposite nerve: thus the parts of the two retine, on 
which the same part of an object is delineated, are probably. - 
supplied from one nerve. 

‘In the plate which I have given in a former section of the 
origins of the cerebral nerves, I have delineated the structure. 
of the commissure of the tractus gptici. Not the least curious 
part in it, ig its containing fascieuli which do not reach .ejther 
eye, but pass-fiom one thalamus to the oppasite, “J.introduce 
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in the present section, having omitted it in the preceding, 
a figure of the brain of the mole, which explains the nature of 
these fasciculi. In the mole, the optic nerve, with the third 
nerve, the fourth, and sixth, are entirely wanting. The little 
rudimental eye is probably an organ of touch alone: it is sup- 
plied by a branch of the fifth: the letter V in the figure 
below is placed on the fifth nerve. The letter C represents 
commissural fasciculi, which correspond with the posterior fasci- 
culi above adverted to, in the commissure of the optic tracts in 
man. Traced in their retrograde course, these fasciculi pass as 
tractus optici to thalami, in this instance miscalled thalami ner- 
vorum opticorum. Orthethalami nervorum opticorum are thus 
shown to be of much less importance as matrices of the optic 
nerves, than as cerebral organs, which originate masses of diver- 
gent fasciculi in the brain. 





The eyes of different animals vary remarkably in their capa- 
bility of being directed at the-sante time.to the same object. In 
some agaiti’a connection exists between the two optic nerves ; 
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in others the optic nerves are separate, from their origin to their 
termination. It is found that the separateness or greater or less 
union of the optic nerves bears a constant relation to the posi- 
tion of the two eyes, and to their consequent inability or greater 
or less ability to see the same objects at the same time. It 
has been observed in birds, that the degree of blindness, which 
is produced by opacity of the cornea, is alone sufficient in the 
space of three weeks to produce wasting and discoloration of the 
optic nerve, which extends to the tubercle of the opposite side ; 
and conversely, that if the optic tubercle be injured on one 
side, blindness of the opposite eye immediately ensues. In 
human beings, atrophy of the optic nerve follows blindness very 
slowly, and the same alteration is seldom continued beyond the 
commissure. Nevertheless I have witnessed in one instance a 
discoloration of the optic nerve on one side joined with a 
similar appearance for a short extent upon the opposite tractus ; 
but the intermediate portion of the commissure was white, and 
the history of the case was unknown. Sometimes the atrophy 
extends instead to the tractus of the same side. 

In the preceding details the movements of the eyeball have 
been occasionally referred to: we may now examine the con- 
trivances provided for this purpose, and the nature of the exter- 
nal parts intended for the protection of the organ of vision. 

The delicate mechanism of the eye is inclosed in a spherical 
case of strong fibrous membrane, which is called the sclerotic: 
the posterior part of the sclerotic is .044 of an inch in thickness, 
the anterior .022. The parts within adhere to it only at the 
point where the optic nerve enters, and at the margin of the 
opening in front, where the cornea is let in. The line of adhe- 
sion here, however, is only .02 of an inch: it is called the ciliary 
ligament: it unites something less than the middle third of the 
ciliary body to the sclerotic, with great firmness. 

The optic tierve, of which about an inch is interposed between 
the foramen opticum and the eyeball, contributes, through the 
strength and thickness of its outer tissue, to hold the eye for- 
ward, towards the front of the orbit. 

The intervals between the different parts contained in the 
orbit are filled with adipose substance, in which the globe of 
the eye rolls, as in a well-oiled socket. 

Six muscles are inserted into the sclerotic, of ae four are 
termed recti, arid two obliqui. ye 
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The recti are thin flat muscles which rise from the margin 
of the foramen opticum, and extend, one over the upper part, 
one upon the outside, a third upon the inside of the eyeball, 
and a fourth below it, to be inserted each by a broad thin ten- 
don into the sclerotic at about four lines from the edge of the 
cornea. 

The four recti are distinguished individually by the names 
of, superior, inferior, internus, and externus, with which the 
terms, attollens, deprimens, adducens, and abducens, are used 
synonymously. By careful dissection a layer of membrane 
may be separated from the part of the sclerotic between the in- 
sertion of the recti and the cornea. This membrane is termed 
the tunica albuginea, and is considered to be the aponeurosis 
of the recti muscles. 

It is easy to understand that these muscles acting singly 
will direct the eye to four equidistant points in a circle, 
and acting in concert may turn the axis of the eye towards 
all the intermediate points; and it is equally obvious that 
they must exert a constant effort to retract the eye, against 
which the elasticity of the optic nerve, and of the adipose 
substance in the orbit, would make very inadequate re- 
sistance. 

The two remaining muscles of the six appear intended to 
counteract the effect last adverted to. 

The obliquus superior or trochlearis rises from the upper and 
inner part of the edge of the foramen opticum, and advances 
obliquely forwards and inwards towards the margin of the orbit, 
where a loop of membrane is attached, through which its tendon 
passes ; the tendon is subsequently reflected downwards, back- 
wards, and outwards, to be inserted into the upper part of the 
eyeball behind its vertical axis. 

The obliquus inferior oculi rises from the nasal process of 
the superior maxillary bone, and passes obliquely ‘eutwards and 
backwards below the eyeball, to be inserted into the sclerotic 
within the rectus externus, and behind the transverse axis of 
the eye. 

The: action of the obliqui is involved in some obscurity : 
there can indeed be no doubt respecting their principal use ; 
by drawing the eye forwards they prevent that constant retrac- 
tion which would otherwise be produced by the recti, But 
individually they are calculated to give each its apecific direc- 
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tioh to the eye: the obliquus superior points the optic axis 
downwards and outwards; the obliquus inferior, on the other 
hand, directs the eye upwards and outwards, 

What renders this question still more intricate, is, that three 
nerves are employed to supply the six muscles that have been 
described. The fourth nerve supplies the obliquus superior, 
the sixth supplies the rectus externus, and the third supplies 
the remaining muscles. 

It is remarkable again, that of the six muscles of the eye- 
ball, threg turn the optic axis directly or obliquely outward, 
and that each of these three muscles is supplied by a different 
nerve; two indeed have an entire nerve exclusively distributed 
to each of them. 

The intricacy of the muscular nerves of the eye admits, how- 
ever, of a conjectural explanation. We may remark, that their 
distribution is not such as to allow of our opposing the recti to 
the obliqui as classes of opposite endowments, such as instinc- 
tive and voiuntary, or the hke: in following this hypothesis we 
are stopped by the fact, that the third nerve supplies half, or 
the greater part of each class. But from the close anatomical 
relation between the origins of the third nerve and of the fourth, 
we may conclude their functions to be not materially different ; 
whereas the sixth nerve, rising from a remote point, seems dis- 
tinguished essentially from both the others. 

It appears to be a principle universally observed in the con- 
struction of the nervous system, that nerves of motion rise near 
the origin of those sentient nerves, through which the actions 
they control are habitually guided or called into play. 

This principle, as I have already shown, is remarkably ex- 
emplified in all the spinal nerves ; and in the distribution of the 
fifth and seventh cerebral nerves ; and the origin of the third 
and fourth nerves is perhaps sufficiently near that of the optic 
nerve to bring*them both under the same law. Now when we 
trace to its origin the sixth nerve, we find it passing to the 
back part of the medulla oblongata, so us to rise near the, 
fifth and the seventh ; in other words, it rises near those nerves 
which comprehend within their functions the sensibility of the 
surface of the eye, an influence over the secretion of the 
lachrymal gland, and the sense of hearing. When again we 
examine the distribution of the sixth nerve, we find it forming 
the sole supply, of a muscle which has a remarkable. consent 
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with the three offices alluded to. The rectus externus or abdu- 
cens oculi, which it supplies, directs the axis of the eye out- 
wards. And we may remark, 1], that when the optic axis is 
directed outwards, the surface of the eye is carried towards 
the orifices of the ducts of the lachrymal gland: 2, that the 
reversion of the eye for vision is commonly suggested by im- 
pressions upon the organ of hearing: and, 3, as an instance of 
the consent between the common feeling of the eye and the 
action of the abductor, that when an animal is destroyed by 
pithing, if while imperfect life yet remains in the.head the 
eyelids be rendered incapable of closing by the division of 
the portio dura, and the surface of the eye be then touched, 
the motion of the eye to avoid the offending substance is in a 
direction outwards. 

We may suppose then that the third and fourth nerves are of 
one and the same power; and we may remark that three of the 
recti, the upper, lower, and inner, with the two oblique, which 
these nerves supply, are sufficient for determining the direction 
of the eyeball in connection with vision, For the two oblique 
are capable, not merely of keeping the eye forward in the orbit, 
but their combined action will direct its axis outwards, and the 
three recti can turn its axis in every other direction. There 
remains then apart, or superadded, the abductor muscle, with 
the sixth nerve that supplies it. This apparatus may serve, as 
I have just explained, on the one hand to place the eye in rela- 
tion with the lachrymal gland, and the senses of hearing and 
of feeling ; but besides—and this probably is a more important 
suggestion than those which have been already advanced — the 
two abductor muscles, with their separate nerves, may have 
the office of giving divergence to the optic axes, or of main- 
taining their parallelism in ordinary vision. 

When the eyelids are kept shut, the eyes are often in mo- 
tion. “Inter somnum quietum atque placidum (observes Soem- 
mering in his Icones Oculi Humani), bulbus oculi, ut in ipsis 
somnolentis videre licet, paullo plus sursum trahitur.” In some 
instances this elevation of the axis of the eye during sleep is 
very considerable, in others it is very slight. | 

Squinting consists in a want of consent between the muscles 
of the two eyes, through which defect the optic axes are habi-- 
tually directed towards different points. The inclination of one 
eye inwards may be so great as to exclude it from the vision of 
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objects towards which the other is turned, or may be so slight 
as to allow of the distorted eye taking in part of the same field 
of vision with its fellow. In either case it appears that those 
who squint, habitually neglect the impressions upon the dis- 
torted eye, and see with but one. 

The cause of squinting is obscure: for though it frequently 
happens that the eye which squints has an imperfect vision, so 
as to favour the supposition that it is instinctively averted in 
order to prevent the perception of objects becoming confused ; 
yet in other cases, vision with either eye 1s equally good, and 
the patieit can at will employ either singly, but cannot prevent 
the other from turning away from the object of vision. 

Perhaps in cases of the latter description the original adjust- 
ment of the two eyes is not true ; so that if both were directed 
towards the same object, it might necessarily appear double, 
upon the same principle as in the case recently quoted from 
M. Magendie’s works. 

The parts employed for the protection of the eye are, the eye- 
lids with their muscles, the tunica conjunctiva, and the lachry- 
mal gland. 

The eyelids are two folds of skin, to which shape and 
firmness are given by two slips of cartilage termed the tarsi. 
Upon the surface at which the eyelids meet, the skin is gra- 
dually transmuted into a mucous membrane termed the con- 
junctiva, which lines the tarsal cartilages, and is reflected from 
the inner surface of the eyelids upon the sclerotic coat, to cover 
the front of the eye, the tunica albuginea, and the cornea. The 
tarsal cartilages have a membranous joint at either corner, from 
which a ligament extends to the adjoining bone: the ligament 
on the inside is well defined, and of a bright silvery colour, and 
is called the tendo oculi; it extends to the nasal process of the 
superior maxillary bone: the external ligament is broader and 
of a membrangus character; it extends to the frontal process 
of the malar bone. 

The opposed edges of the tarsal cartilages are so grooved 
and sloped internally, as to form when they meet a channel, 
which is closed at the back part by the eyeball. The external 
edge of this groove is guarded by the strong hairs which form 
the eye-lashes, and upon its inner edge from thirty to forty 
“thin white ducts open, which are termed glands of Meibomeus ; 
they are filled with a white sebaceous or albuminous material. 
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At the inner canthus of the eye the tunica conjunctiva is re- 
flected over a fleshy fold termed the caruncula lachrymalis. 
The liquid which lubricates the surface of the eye appears 
raised by this fold of membrane to the apertures of the puncta 
lachrymalia, as the two capillary tubes are termed, which ab- 
sorb the liquid from the surface of the eye; they terminate in 
an oval bag, termed the lachrymal sac, which is lodged in 4 
fossa common to the os unguis and superior maxillary bone, and 
transmits the tears onward towards the nose. 

The tears are a salt transparent liquid, a hundredth part only 
of which consists of saline ingredients. Soda and muriate of 
soda, phosphate of lime, and phosphate of soda, with mucus 
and water, are the component parts of the tears, according to 
Fourcroy and Vauquelin. The tears are secreted by the la- 
chrymal gland, a flattened circular body, in structure and 
appearance resembling a salivary gland, which is placed at the 
outer and upper part of the orbit: its five or six small ducts 
open at the neighbouring angle of reflection of the tunica con- 
junctiva from the upper palpebra upon the eyeball. 

The lachrymal gland is supplied with two nerves from the 
first division of the fifth: its secretion is remarkably under the 
influence of the mind. Yet the surface of the eye does not 
seem less moist than usual when the fifth nerve has been di- 
vided, and it is questionable whether the liquid with which it 
is generally lubricated be derived from the Jachrymal gland or 
from its mucous covering. The remarkable effect of dividing 
the fifth nerve upon the nutrition of the eye has been already 
described : it deserves remark, that the eye is rendered insen- 
sible to common stimuli by this operation. Diluted liquor am- 
moni applied to the eye in this state produces no inflamma- 
tion of its surface, —a phenomenon extremely curious, when 
viewed in connection with the fact, that the operation itself 
produces a violent inflammation of the tunica conjunctiva in 
twenty-four hours. 

When the optic axis is directed forwards, the eyelids meet. 
at the lower margin of the cornea. The lower eyelid has little 
motion; the upper eyelid alone is concerned in the ordinary 
openitig and shutting of the palpebree. 

The muscle which raises the upper eyelid is termed thé leva- 
tor palpebre superioris; it rises from the margin of the foramen 
opticum immediately above the rectus superior oculi, and is 
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inserted into the upper tarsal alae it is sapped by the 
third nerve. 

The muscle which closes the eyelids i is called the orbicularis 
palpebrarum ; it is dis; osed for some breadth beneath the skin 
of the eyelids in concentric fasciculi. This muscle is supplied 
by the fifth nerve and by the portio dura of the seventh, and 
is paralyzed by the division of the latter. The fifth nerve and 
the seventh rise together: the fifth imparts sensibility to the 
surface of the eye, to the eyelids and eyelashes; and the least 
irritation of these parts calls into action the orbicularis palpe- 
brarum, which receives its stimulus through the portio dura of 
the seventh. If the hand is moved rapidly before the eye at 
three inches distance from its surface, we are scarcely tempted 
to close the eyelids; but if it approach so near as sensibly to 
affect the eyelashes by the displacement of the air, though 
we are conscious that it threatens no injury, we find it scarcely 
possible to refrain from winking. The consent between the 
fifth and the seventh nerve in this instance seems as close as 
that between the second and the third, or as the connection 
between a vivid impression upon the retina and the contraction 
of the pupil. 


_ SECTION It. 
Of the Organ of Hearing. 


The physical impressions upon the organ of hearing which 
produce sensations of sound, consist in impulses regularly re- 
curring within certain limits of frequency. In all ordinary 
cases of the production of sound, these impulses originate from 
vibrating bodies, and are communicated to the organ of hearing 
by means of undulations excited in the air. 

The limits*between which regularly recurring impulses are 
perceptible as sounds have been generally stated at 30 in a 
second on the one extreme, and from 8000 to 12000 on the 
other: but some recent investigations by Savart show, that 
acute sounds may be perceived resulting from 24000 impulses 
in a second, and that grave sounds may be appreciated arising 
from 7 or 8 impulses only. He has found such sounds in either 
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extreme capable of being rendered appreciable by the senses 
upon increasing their loudness. Dr. Wollaston conceived, from 
trials made with very acute sounds on a number of persons, 
that the limit of audition with regard to acuteness of sound is 
variable in different individuals: but Savart has shown, that 
these experiments only prove different degrees of sensibility in 
the individuals with respect to the intensity of sound, and that 
had the intensity of the sounds excited been greater, the limits 
of hearing might have been the same in all. 

The length of the interval between two successive impulses, 
or, which is the same thing, the number of impulses ih a given 
time (a second is the time generally assumed), constitutes the 
pitch or musical degree of the sound. Grave sounds are those 
in which the interval between the impulses is greater, and 
acute sounds those in which it is less: these are merely terms 
of comparison; and the same sound may be acute compared 
with one more grave, and grave compared with one more acute. 

It does not appear that a continued series of isochronous im- 
pulses is necessary to constitute a comparable musical sound : 
two successive beats are sufficient to give rise to the sensation, 
and the pitch of the sound is solely determined by the duration 
of the interval between them. It follows, therefore, that im the 
most ext:eme limit of acute sound which has yet been deter- 
mined, a sound is perceptible which lasts only the 24000th of 
a second. | | 

A phenomenon analogous to the duration of luminous im- 
pressions on the retina has been observed with regard to sound ; 
in a continuous series of isochronous impulses, @ very consi- 
derable number may be intermitted without impairing in the 
slightest degree the apparent continuity of the sound... 

These curious facts never could have been ascertained, had 
we been confined to experimenting on sounds produced by vi- 
brating bodies: but a means of investigation griginally pro- 
posed by Dr. Hooke, and successively improved ‘by Robinson, 
Cagniard de Latour, and Savart, enables us to obtain every 
possible arrangement of impulses, and every requisite degree of 
intensity. By the extension of these means, our knowledge 
with regard to audition may be yet much extended. 

The undulations arising from sonorous impulse save trans. 
mitted more rapidly through solids than, through Ji uids, and 
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by liquids than by aériform fluids. Sound travels through air 
with a velocity equal to 1142 feet per second; and it is calcu- 
lated, that it would be transmitted through water with a ve- 
locity of 4900 feet, and through glass, iron, or deal wood, with 
a velocity of about 18000 feet per second. 

Sound transmitted through a fluid spreads spherically in 
every direction. Hence it may be understood how sound, 
when moving through a fluid, is diminished in intensity (like 
light) in the ratio of the square of the distance. Sound hkewise 
admits of being reflected like light: upon this principle depend 
the phenomena of echoes. Sound is deadened by passing from 
one medium to another. Sound perishes when no material sub- 
stance fit for its transmission is present: a bell struck in an 
exhausted receiver is scarcely audible. 

The essential part of the organ of hearing consists of a series 
of cavities, termed the labyrinth, hollowed in the petrous bone, 
within which is a membrane containing a liquid, in contact 
with which the portio mollis of the seventh nerve is expanded. 
The entire length of the labyrinth is .7 of an inch. 

The labyrinth is divided into the vestibule, cochlea, and 
semicircular canals, a particular description of which would 
be superfluous, as the advantages resulting from their shape is 
unknown. But it deserves remark, that a provision is made 
for the free vibration of the fluid which they contain through 
two apertures leading into them, the fenestra rotunda and 
fenestra ovalis, that are closed by a membrane only. 

As long as the labyrinth is perfect, no kind of obstruction 
of the external passages or removal of the external parts can 
absolutely extinguish hearing. In a total obstruction of the 
external passages, sounds may still be conveyed through the 
bones of the head to the auditory nerve; a tuning-fork, for 
instance, applied to the teeth, will still under these circum- 
stances produce sensations of sound: thus in deafness a suffi- 
cient criterion is attainable to determine whether the cause is 
seated in the labyrinth or in the passages leading toit. In a 
total loss of the external parts, on the other hand, sound 
is capable of being communicated through the air to the mem- 
branes and liquid of the labyrinth, if these remain entire, nearly as 
perfectly, it should seem, as when the outer parts are complete *. 


* it isto be observed, that the stapes is so strictly applied to the mem- 
| x 
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The chambers of the ear external to the labyrinth are the 
tympanum and meatus auditorius externus. 

The tympanum is a narrow chamber, .6 of an inch in length, 
which opens forwards into the posterior fauces through the 
Eustachian tube, and is continued backwards into the cells of 
the mastoid process. The membranes of the fenestra ovalis and 
fenestra rotunda alone prevent communication between the 
cavities of the tympanum and labyrinth. On the oppo- 
site side the membrana tympani is interposed between the 
tympanum and the meatus auditorius externus. A chain of 
bones, the malleus, the incus, the os orbiculare, and the stapes, 
extend from the membrana tympani to the membrana fenestree 
ovalis ; and four little muscles, the tensor tympani, the laxator 
tympani, the externus mallei, and the stapedius, by drawing 
upon the ossicula auditis, give greater or less tension to the 
membranes which those bones unite. 

The membrana tympani is very vascular, but presents a dry 
shining cuticular surface. It appears to contain fibres that 
converge towards its centre; which part is drawn inwards, and 
has attached to it the handle of the malleus. The diameter of 
the membrana tympani is .4 of aninch. It is worthy of re- 
mark, that the ossicula with their muscles are situated imme- 
diately within the upper half of the membrana tympani, or are 
placed at the upper part of the cavity of the tympanum: the 
practical application of this fact is the following. 

The cavity of the tympanum communicates with the posterior 
fauces by means of a narrow canal called the Eustachian tube, 
which is partly cartilaginous, partly bony; the length of the 
entire tube is 1.1 inch, that of the bony part .4. Its office is 
the same as that of the hole in a kettledrum. Being narrow, 
however, it is liable to obstruction in many ways, of which 
the commonest is the swelling of the lining membrane from cold. 

Now a common sort of deafness results fromthe obstruction 
of the Eustachian tube, which prevents the air in the tympanum 
from vibrating freely, and so interferes with the transmission 
of sound through it. An obstruction of the Eustachian tube 
is supposed to exist, when those sounds alone are heard that 
are conveyed through the bones of the head, at the same time 


brana fenestra ovalis, that the loss of this bone produces incurable deaf- 
ness through the necessarily attendant injury of the labyrinth. 
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that the meatus auditorius externus is free, and the patient is 
unable to inflate the tympanum by impelling air into it from 
the fauces. Of course, if the cause of obstruction is a cold 
only, nothing is required to be done: but where the cause is 
permanent, such as closure of the orifice of the tube after the 
cicatrization of an ulcer, then means have to be adopted for 
restoring the air of the tympanum to free vibration, which 
consist in puncturing the membrane. This application of 
physiology was made by Sir Astley Cooper. The membrane is 
to be punctured at the lower part, to avoid the bones and the 
corda tympani nerve. 

All that is known of the office of the membrana tympani is, 
that it opposes an obstacle to the entrance of foreign sub- 
stances into the internal ear, while it presents no impediment 
to the transmission of sound. 

The meatus auditorius externus, including the cartilaginous 
part, is an inch in length; it is curved in two senses like an 
italic /, its general direction is horizontally outward and back- 
ward : its entire length is an inch and a half; the length of 
the bony portion of the tube being half an inch. This canal is 
fenced with short strong hairs, and its surface secretes a pecu- 
liar substance termed cerumen, which is of an orange-yellow 
colour and bitter taste, consisting of albumen, an oil, colouring 
matter, soda, and phosphate of lime *. The cerumen is liable 
to collect in thick inspissated masses, sufficient to obstruct the 
passage of sound along the meatus auditorius externus. 

The external ear is formed of an expansion of the cartilage, 
which forms the outer half of the external meatus : its several 
folds and margins are distinguished by separate names: the 
helix is the outer folded edge ; the antihelix is the fold parallel 
to the former: the deep hollow below and before the antihelix 
is called the concha, the anterior edge of which is formed by 
the fold termed’the tragus, the posterior edge by the antitragus. 
The attollens, the retrahentes, and the anterior auris, are mus- 
cles which carry the outward ear in the directions which their 
names specify. The helicis major and minor, the tragicus and 
the antitragicus, and the transversus auris, are thin muscular 
slips, which extend from one point to another of the external 
ear, and are calculated to expand the different hollows and 


* Thomson’s Chemistry, vol. iv, p. 513. 
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fossulee into which the surface of the ear is thrown. Among 
savage tribes the outward ear is prominent, and moveable like 
the ears of animals; their hearing is more acute than that of 
civilized nations, and it is probable that the motions of the 
external ear assist them in dis:riminating the direction and 
nature of different sounds. 

The portio mollis of the seventh nerve we may infer from its 
distribution to be the nerve of hearing. The portio dura of the 
seventh traverses a canal in the temporal bone: it is joimed in 
its course by a branch from the second division of, the fifth 
nerve, and from the united trunk filaments are given to the 
muscles within the tympanum. But the portio dura is a nerve’ 
of voluntary motion, and the second division of the fifth is a 
sentient nerve; thus the circuitous route of the portio dura and 
its junction with the Vidian nerve are explained. The division 
of the trunk of the fifth nerve in cats within the cranial cavity 
does not seemingly affect the acuteness of hearing on the same 
side. Of what use the branches derived from the otic ganglion, 
and from the tympanine branch of the glosso-pharyngeal nerve 
that are distributed in the ear, is at pre ent matter of mere 
conjecture. 


SECTION II. 
Of the Sense af Smell. 


Particles are continually flying off from the surfaces of bodies, 
or the air seems to dissolve minute portions of every substance 
with which it is in contact. Hence arise the virtues of salu- 
brious situations, or the poisonous qualities of such as are 
noxious; the atmosphére becoming impregnated with the ele- 
ments of the soil in proportions too minute to be detected 
except through their influence on the animal frdme, into which 
they are introduced by the absorption of air that takes place in 
the lungs. The atmospheric solution of many substances is 
distinguishable by the sense of smell. The organ of this sense 
forms the commencement of the respiratory tube, so that each 
time we breathe, the olfacient qualities of surrounding sub- 
stances are submitted to our senses. 

The sense of smell is calculated to give warning of the vici- 
nity of unwholesome objects, and to minister to the appetites ; 
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or like the sense of hearing, it may be employed to furnish a 
succession of impressions that are merely grateful. The influ- 
ence of this sense over the frame is very remarkable: one odour 
will instantly produce loathing, nausea, and vomiting ; another, 
like the pleasant fragrance of the country on a spring morning, 
has a part in producing an exhilarating influence upon the 
mind. 

The organ of smell is separated into two chambers, by a par- 
tition, which is seldom exactly in the median plane of the 
head. WJhis partition consists of the nasal processes of the 
ethmoid and sphenoid bones, of the vomer, and of the cartilago 
septi narium. The floor of each chamber or nostril is formed 
by the superior maxillary and palate bones; the outer wall by 
the superior maxillary bone, the palate bone, the os unguis, the 
os planum, the cartilago nasi lateralis, and the cartilago ale 
nasi. The floor of each nostril is horizontal and slightly hol- 
lowed ; the septum is nearly vertical and plane: at the upper 
part is the narrow cribriform plate of the ethmoid bone; upon 
the outside, the lower cornu of the ethmoid bone and the infe- 
rior turbinated bone fall like curtains, leaving a passage towards 
the pharynx, the upper and outer part of which is divided into 
three channels. The frontal sinuses open through the anterior 
cells of the ethmoid bone into the middle channel of the nos- 
trils: the sphenoid cells and the antrum of Highmore open 
through the posterior cells of the ethmoid bone into the 
superior channel. The lachrymal duct opens into the inferior 
channel. : 

The thick and vascular mucous membrane, which invests 
this extensive surface of bone and cartilage, is termed the 
Schneiderian membrane. Over the whole of it are distributed 
branches. of the fifth nerve; upon the fore part, a branch from 
the nasal portion of the firat division of the fifth; upon the 
remaining surface, branches derived from the ganglion of 
Meckel. The distribution of the first nerve is more limited. 
The first nerve enlarges into an oval bulb, containing grey 
matter, upon the lamina cribrosa of the ethmoid bone, which it 
perforates in numerous filaments, that are spread over the 
septum narium and the internal surface of the ethmoid bone. 

The simple contact of an atmosphere laden with odours is 
not sufficient to produce sensation in the nostrils. In order 
that smelling may take place, it is necessary that air impreg- 
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nated with the odour should be carried with some velocity 
against the surface of the Schneiderian membrane. 

The upper part of the nostril appears to be the region to 
which the sense of smell is limited, or at which it is most ex- 
quisite. The apertures of the nostrils, and the inclination of 
the nose, are obviously adapted to direct the stream of air in 
that direction. Accordingly, when the nose has been destroyed 
by disease, smell is found to be greatly impaired or lost. 

The- first. nerve is commonly believed to be that on which 
the sense of smelling depends. It may be observed that the 
nostrils are the only parts which distinguish odours, and 
although two nerves are distributed upon their sentient surface, 
one alone has its distribution confined to this organ. The 
acute sense of touch which the nostrils enjoy in addition seems 
a sufficient use for the remaining nerves which are spread upon 
the Schneiderian membrane: they are one and all derived 
from trunks, the other branches of which are nearly all nerves 
of common feeling. 

M. Magendie tried the effects of the separate division of 
the first and fifth nerve in animals; and was led to entertain 
a doubt as to the received function of the first nerve. I 
think, however, that his experiments go no further than to 
show more precisely than was known before, how much of the 
impression received upon the nostrils belongs to smell properly 
so called, and how much to touch. It appears that upon the 
division of the first nerves the animal remains as sensible to the 
disagreeable impression of odours which act pungently, as 
before ; ; a young dog thus mutilated appeared conscious of an 
unpleasant iinpression when ammonia, acetic acid, oil of laven- 
der, or Dippel’s oil, were held to its nose: on the other hand, 
after the division of the fifth, the first nerve remaining entire, 
an aniual was not affected by the presence of the substances 
above mentioned. But M. Magendie mentions,- that a dog, 
which survived the division of the fifth nerve for a considerable 
period, would at times, when food was offered to it rolled up in 
paper, unrol the paper, and expose and eat the food ; although 
at other times he appeared to want the power of distinguishing 
by smelling the presence of objects placed near to it *. 

Pungent odours seem to offend the nose upon the same 
principle that they irritate-the surface of the eye, their acrid 


* Magendie, Journal de Phys. Exper. vol. iv, p. 173. 
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impression, without their scent, being perceived, when the in- 
fluence of the first nerve is artificially destroyed: such at least 
appears to be the inference justly deducible from the facts 
which M. Magendie has added to our knowledge upon this 
subject, and which leave the first pair of nerves in full pos- 
session of the faculty of smelling. 

The following particulars of a case that occurred in the 
Middlesex Hospital, and which Dr. Watson communicated to 
me, would be decisive, if further evidence than that which I 
have adyanced were wanting, to prove that smelling” depends 
on the first nerve. 

George Dickenson, aged twenty-five, received a violent blow 
across his forehead, which produced profuse bleeding from the 
nose, and deprived him permanently of the sense of smell: 
he used afterwards to feel a sensation as if his nostrils were 
stuffed. Three years after the accident he was seized with an 
epileptic fit, that was followed by drowsiness and insensibility, 
ending after three weeks in his death. Upon examining the head, 
there was found at the under surface of each of the anterior 
lobes of the brain, in the track of the olfactory nerves, an irre- 
gular depression or cavity nearly half an inch broad and one 
inch and an half long. The surface of the excavated part was 
of a yellowish colour, and had a semi-transparent gelatinous 
appearance. This appearance extended a little way into the 
substance of the brain. The jirst pair of nerves for this part of 
their course were of the same colour; there was no morbid ap- 
pearance in the nostrils, and no disease of the corresponding 
parts of the dura mater.” It may be presumed that the appear- 
ances described were the result of violence done to the brain 
by the blow received three years before the patient’s death, and 
that the implication of the first pair of nerves in the lesion 
produced the loss of smell. 


SECTION IV, 
Of Taste. 


The organ of taste is situated at the commencement of the 
digestive canal, and appears originally intended to provide us 
with the means of distinguishing wholesome food. 
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The seat of the sense of taste is the tongue and palate. The 
mucous membrane which covers the tongue is marked by a 
vast variety of little elevations. For an inch from its root the 
tongue is covered with mucous follicles : before these, fourteen 
or fifteen broad papilla, termed papille conice, are found, that 
are contained in fossule, to which they adhere by their apices, 
while they present a broad and slightly cupped surface level 
with the dorsum of the tongue; about seven of these advance 
on either side from the centre to the edges of the tongue, the 
whole remaining surface of which is covered with oval ~ papillee 
that proceed in “ranks parallel to the papille conice ; ‘these are 
termed papille conoidee : at the edges of the tongue some of 
similar fabric seemingly to the last assume a shred-like appear- 
ance, and are called papille filiformes; while a fourth class 
remains, that are interspersed among the papille conoidee ; 
they are termed papille fungiformes: they are dispersed in 
great numbers along the sides and towards the tip of the tongue. 
Of these papille the last alone are thought to belong to taste ; 
they are vascular and erectile, and may be observed to shoot up 
upon the surface of the tongue, when it is touched by a sapid 
substance. No similar papille, however, are discoverable on 
the soft palate. 

When sapid substances, such as salt, sugar, aloes, tartaric 
acid, are applied to different parts of the interior of the fauces, 
they are found to excite the most distinct sensation at the tip and 
edges of the tongue: they produce no sensations of taste at the 
fore and upper part of the tongue, or on the hard palate. But at 
the back of the tongue they again excite sensation enough to 
be distinguishable, and they are still more perfectly tasted 
upon the middle of the soft palate and uvula. The participa- 
tion of the soft palate in the sense of taste has been recently 
pointed out by MM. Guyot and Admyrauld, and has been 
carefully verified by Mr. Wheatstone and myself. We did not 
find that one taste was perceived more distinctly than another 
at any point of the tongue or soft palate. 

In order that a substance may excite the sensation of taste, 
it must be presented to the tongue in a liquid state: to pro- 
mote this object, when a solid is placed in the mouth, the saliva 
flows abundantly ; the sapid qualities of the food are perceived 
in proportion as it dissolves: in like manner an aeriform fluid 
is tasted as soon as the moisture of the mouth becomes im- 
nrecnated with it. . 
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Various substances, after exciting the sense of touch on the 
fauces, and that of taste upon the tongue, are capable of pro- 
ducing a third impression, which is popularly referred to the 
palate, but is really felt upon the sentient membrane of the 
nostrils: the fume of certain kinds of food ascends into the 
cavities of the nose, and produces this third and distinct sen- 
sation: in administering medicine to children, it is well known 
that the greater part of what is disagreeable in its flavour may 
be avoided, by closing the nostrils while the draught,is swal- 
lowed : and by repeating this experiment upon various articles 
of food, it is easy to ascertain how much of their flavour de- 
pends upon one sense, and how much is appréctated by the 
other. Hence it is that the senses of taste and smell have been 
often compared as having a resemblance, the odour of many 
substances being supposed to resemble their flavour; while the 
fact is, that the flavour of such bodies consists in their scent, 
and that the two impressions, which are compared, are one and 
the same. 

It follows, from what has been said, that substances taken 
into the fauces may be such, as either, 

1. To excite sensations of touch alone; of this nature are 
rock-crystal, sapphire, or ice : 

2. Or to be felt upon the tongue, and in addition to excite 
sensation in the nostrils, as for instance tin and other odorous 
metals : 

3. Or to be felt upon the tongue, and in addition to excite 
sensations of taste, as for instance sugar and salt : 

4, Or, finally, to be felt upon the tongue, to be tasted by 
the tongue, and in addition to excite a sense of favour in the 
nostrils, as for instance bread, manna, and the like. 

It may be remarked, in addition, that some substances of a 
penetrating nature, such as peppermmt, appear to produce 
another distinct impreasion, the seat of which seems to be the 
back part of the fauces. 

Sensations of taste are not perfect until the mouth is closed 
and the tongue pressed against the palate, by which means the 
sapid liquid is brought into more exact contact with the surface 
of the tongue, and perhaps forced into the texture of its mucous 
membrane, at the same time that its fumes are driven through 
the posterior fauces into the cavities of the nostrils. 

The tongue is supplied by the ninth nerve, which is distri- 
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tributed through its muscular texture: by the gustatory, a 
branch of the ganglionic portion of the third division of the 
fifth, which is distributed nor merely to the muscles of the 
tongue, but to its mucous surface likewise and to two of the 
salivary glands: by the glosso-pharyngeal nerve, which gives 
branches to the surface of the root of the tongue. 

After the division of the ninth nerve on both sides in dogs 
and rabbits, the tongue loses the power of motion, so that 
when a little drawn out of the mouth it remains protruded, 
and is not retracted when acrid substances are applied to it, 
which at the same time evidently produce the usual degree of 
sensation. 

Upon dividing the gustatory nerve, the tongue loses sensa- 
tion, but its muscles appear to retain their tone. 

Upon pinching the gustatory nerve in animals immediately 
after death, no movement follows of the fibres of the tongue ; 
but each time that the ninth nerve is pinched, the muscles of 
the tongue are convulsed. 

In a case that I witnessed, in which the symptoms present 
showed that every portion of the fifth had lost its sensibility, 
the peculiar feeling that belongs to the root of the tongue re- 
mained. A vague sensation of touch, attended with a momen- 
tary nausea and effort to vomit, ensued, as in healthy persons 
upon pressing the surface of the root of the tongue with a 
probe. Upon pinching the glosso-pharyngeal nerve in animals 
immediately after death, no spasm follows of the muscles of the 
tongue. 

I conclude from these observations, that the ninth nerve is 
the voluntary nerve of the tongue ; the gustatory nerve the nerve 
of touch and taste; the glosso-pharyngeal nerve the source of 
the vague impressions of contact and nausea, which are pro- 
duced on touching the base of the tongue. 

Professor Panizza, of Pavia, has recently advanced some 
very ingenious arguments that are opposed to the opinions 
which have been stated. The deserved reputation of Professor 
Panizza, and the evident skill and caution with which the ex- 
periments which he mentions were performed, induce me to 
enter at some length into the examination of his views on this 
subject. I am acquainted with them through a paper by 
Dr. George Burrows, in the Medical Gazette of September 
1835, from which the extracts that follow are taken. 
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The lingual branches of the ninth (motor lingue) are held 
by Panizza to be the voluntary nerves of the muscles of the 
tongue, in accordance with the opinions of other physiologists. 

The lingual branches of the fifth (nervus gustatorius) are 
held by the Professor to be nerves of touch, which again accords 
with the opinion generally received; but he argues against 
their being nerves of taste, as well as of touch, which they are 
commonly esteemed to be. 

The glosso-pharyngeal nerve he supposes to’He the nerve on 
which taste depends. 

Perhaps the best way of treating the question ‘will be to 
state seriatim the experiments of Panizza upon the different 
nerves, and afterwards the objections, which I think may with 
reason be urged against the conclusions which the Professor 
draws from them. 

1. Lhe lingual branches of the fifth pair divided in a dog. 

‘‘Tf some milk, or bread, or meat, is offered to the dog, 
he eats and drinks readily, although, after the operation, 
it sometimes appears that the dog laps up the milk and masti- 
cates his food rather slowly, which may arise from the loss of 
the sense of touch, or in consequence of the deep wound. ~ If, 
on the other hand, just enough colocynth, or infusion of quassia, 
be added to the milk, so as to give a bitter taste without altering 
the colour, or a piece of bread be dipped into this milk, or, 
indeed, merely a few drops of the bitter liquid poured between 
the fibres of a piece of flesh, the animal, which up to this 
moment had evinced the strongest desire for meat and drink, 
immediately refuses both one and the other, after taking one 
mouthful of either. Ifa piece of meat prepared with the’ bitter 
solution is mixed with several others, and the dog accidentally 
takes it into his mouth, he immediately rejects it, and often 
refuses to eat any more *.” 

Objection.— The disagreeable impression which the dog evinced 
may have resulted from the bitter being tasted by the soft palate. 
This objection was foreseen by Panizza: accordingly, Dr. G. 
Burrows goes on to say— 

2. ‘‘ These facts alone would not prove that the sense of taste 
still exists in the tongue, because the bitter flavour may be 
perceived by other parts of the mouth. In order to dissipate all 
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doubt, it is therefore desirable that the bitter substance should 
merely touch the tongue itself; and to accomplish this, it is best 
to take a small feather, previously slightly dipped in the bitter 
fluid, and to draw it lightly along the dorsum of the tongue, 
taking great care that the fluid does not extend beyond the 
points touched by the feather. With these precaations the 
animal still eyinces the same marks of strong distaste for the 
flavour.”—Pages §50, 851, op. citat. 

Objection.—!n_ this experiment the dog’s mouth must either 
have been held open all the time of the observation, or have 
been allowed to close. Jn the latter case the bitter would have 
been applied to the soft. palate, an organ of taste. In the 
former it is not singular (without supposing the creature to have 
been unpleasantly affected by the bitter) that it should have 
moved its tongue and mouth, as if it experienced something 
disagreeable there. 

3. Lhe glosso-pharyngeal nerves divided in a dog. 

“‘ As soon as the dog had a tittle recovered himself after the 
operation of the division of the glosso-pharyngeal nerves, he 
licked up some water, and ate as freely as if no injury had been 
done to him. Theanimal had no other guide than the sense of 
smell in the choice of his food, so that he would equally take 
into his mouth disagreeable and hurtful substances as well as 
pleasant and wholesome. The dog after this experiment ate 
with equal voracity plain meat as well as that imbued with 
colocynth, and equally drank the plain milk and that rendered 
bitter by colocynth. The dog not only devoured a piece of 
meat which had been beaten up with some colocynth, but even 
lapped up the remainder of the liquid in the plate.”—Page 885. 

Objection.—This experiment proves too much. The middle 
of the soft palate in man, and it is presumable in dogs, enjoys a 
strong sense of taste : how came that part not td be disagreeably 
affected with the colocynth? Besides, there is ‘a tendency in 
animals, when wounded, to feed; there is likewise a difference 
of sensibility in different animals ; and it is very possible that 
after such a wound as had been inflicted in thiy case, the animal 
should disregard a moderately unpleasant taste, when combined 
with an agreeable favour—that, namely, of milk. 

4. Dr. G. Burrows continues— 

“« Similar experiments were made at the same time with a dog 
whose lingual nerves of the fifth pair had been divided. After 
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this latter animal had caught in his mouth several pieces of 
plain meat which were thrown to him, he readily took in the 
same manner a piece with the bitter taste; but he had 
scarcely got it into his pared before he was seized with vomiting, 
and he rejected this piece.”—Page 886. 

Objection.—The direct conclusion from this experiment is, 
that the animal had no taste in the fore part of his tongue [the 
lingual branch of the fifth being divided}; but that the soft 
palate tasted the bitter; and perhaps the root .of the tongue, 
through the glosso-pharyngeal, although it did not taste the 
bitter, might vaguely fee its astringency. ty 

5. Dr. G. Burrows continues—_ . . . 

“A most remarkable contrast between the dogs was now 
observed ; for the animal whose glosso-pharyngeal nerves were 
divided, immediately ate this rejected piece of meat. Never- 
theless, this latter animal still preserved his sense of feeling in 
the tongue ; for immediately on its being pricked the dog 
howled, and attempted to run away.”—Page 885. 

Objection.—The natural conclusion from this experiment, 
taken alone, I admit to be, that the division of the glosso-pha- 
ryngeal nerves destroyed the sense of taste. Yet it appears 
equally certain to me that the dog, in this experiment, may 
have tasted the bitter, yet in spite of it, have been attracted 
by the flavour of the meat. I beg likewise to refer the reader 
to the objection subjoined to the third paragraph quoted. 

Perhaps it will be thought that to settle this question, all the 
experiments of Panizza should be carefully repeated. I have 
not done this; but the most important of them, and the only 
one which I had not previously tried, I have performed. I 
divided, in a dog, on one side the trunk of the glosso-pharyn- 
geal nerve, and on the other the lingual branch of the same 
nerve. Mr. Kiernan and Mr. Skey, with whose assistance I 
made this eXperiment, agreed with me in thinking that the 
gestures of the animal, when extract of colocynth was ap- 
plied to its tongue, evinced that it tasted it. 

I must confess, howeyer, that I am disposed to draw conclu- 
sions with great caution from experiments on the sensibility of 
animals after the division of nerves. When nature, in place of 
being interrogated, is put to the question, she often gives false 
answers, But setting my own experimental observations against 
Panizza’s, as sufficient to throw some doubt upon hie observa- 
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tions, [ think the following argument, derived principally from 
anatomy, perfectly conclusive on the question. 

The sense of taste is most acute at the tip and edges of the 
tongue. But anatomy shows that branches of the glosso- 
pharyngeal nerve do not reach the tip of the tongue. Branches of 
the fifth and of the ninth are alone distributed there. And as the 
latter [the ninth] are admitted at all hands to be voluntary 
only, or not to impart either taste or touch, it followa that both 
the taste and touch enjoyed by the tip of the tongue must depend 
upon the lingual branches of the fifth. 

When I assert that the sides and tip of the tongue are the 
seat of the acutest- degree of taste, I state a fact which I have 
very carefully verified. It surprises me, therefore, that so good 
an observer as Panizza should represent the base of the tongue 
as having the highest degree of taste. 

Dr. G. Burrows gives the following from Panizza: — 

‘In fact, when the glosso-pharyngeal nerve is diligently 
examined, either in man or animals, as in the dog upon which 
these experiments were principally performed, it appears that, 
without giving off a single filament to the muscles through 
which it passes, the nerve is entirely distributed to the mucous 
membrane of the tongue and to the surrounding parts, which, 
in common with the tongue, enjoy the sense of taste: this sense 
is most exquisite there, where the filaments of the nerve are 
most abundant—that is, towards the base of the tongue.”— 
Page 885. 

The most singular addition that has been lately made to our 
knowledge of this function, is contained in an account, by Mr. 
Noble, of Manchester (given in the Medical Gazette, vol. xv, 
p. 120), of a patient, who has anesthesia of one side of the face, 
from an affection of the fifth nerve. The half of the tongue on- 
that side has lost feeling too; but it tastes. Certainly, phy- 
siologists were not prepared to expect this phenomenon. The 
inference it would lead us to draw, hhowéver, is an analogical 
one; namely, that there are different filaments of the fifth for 
touch and for taste. In the case reported, dpe of these sets of 
filaments may have lost its sensibility, while the other retains it. 

The nerves which minister to the sense of taste are the 
gustatory branch of the third division. of the fifth, and the 
smaller portion of the spheno-palatine branch of the second 


division of the fifth. , 
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SECTION V. 


Of the Sense of Effort. 


When we poise any substance in the hand, to estimate its 
weight, we attend to the impression upon this sense: we mea- 
sure the weight by the effort necessary to sustain,it. The 
organ of this sense is the voluntary muscles : the nerves which 
minister to it, however, are probably not the voluntary nerves, 
but the muscular branches of those nerves which on the skin 
minister to the sense of touch. The point, however, is by no 
means determined. The only evidence which we possess is the 
history of cases of anesthesia. Their phenomena have been 
already adverted to, and will beagain. ‘The patient with ane- 
sthesia has no feeling in his hands, but he is able to use his 
hand to carry a weight, if he looks at what he is carrying. 
When he turns his head away, the weight drops. I think it 
may be inferred from these facts, that in anesthesia the sense 
of effort is lost. If the inference is a just one, it follows that 
the seat of that sense is the sentient muscular nerves, not the 
voluntary nerves. But further observations are wanted. Cases 
of anesthesia have not as yet been studied with reference to 
the present question; and the evidence which they are cal- 
culated to afford may possibly, upon stricter inquiry, lead to a 
different conclusion. 

Dr. Wells was the first who described this sense, which may 
be called either the muscular sense, the sense of resistance, or 
the sense of effort. The term muscular sense is the most ohjec- 
tionable, inasmuch as the muscles certainly possess other modes 
of sensation in addition, which will afterwards be referred to, 
sensibility to heat and cold, and to motion. 

The sense of effort is one of the most important in leading to 
the notions which we form of the material world. We derive 
from it, in the first place, our notion of force. It is true that 
without it we might | aye come to the idea of a tendency of 
bodies to attract éach: “other, ‘$y to communicate motion one 
fo another. Vision eight, hive awakened in our minds these 
ideas. But our notion: of physical force practically always 
involves the idea of the quantity:of muscular exertion by which 
it might be produced, In the second place, the ‘notion of 
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hardness, and after that of the impenetrability of matter, are 
derived from this sense. It measures resistance, whether a 
substance be soft and yielding like dough, or resistant as marble, 
Our notions, then, of the consistence of matter, of what is 
meant by solid or fluid or gaseous, are obtained by this sense. 


SECTION VI. 
Of the Sense of Touch. 


The sense of touch has a much more limited sphere than has 
been hitherto assigned to it. It gives us information of certain 
characters of the surfaces of bodies, whether they be irregular 
or even, rough or smooth; for this, however, it is requisite 
that the substance examined sheuld be moved over the organ of 
sense, or the organ of sense pressed against or moved in contact 
with it. 

The skin, especially at the extremities of the fingers, the lips, 
the tongue, is the organ in which this sense is seated. It. 
is, however, found diffused in a vaguer character over other 
surfaces : the fauces, the pharynx and cesophagus, the rectum 
and vagina, have a general sense of contact. The nerves which 
minister to this sense are the ganglionic fasciculi of the fifth and 
of the spinal nerves, and some of the filaments of the glosso- 
pharyngeal and pneumo-gastric. 


SECTION VII. - 
Of Sensations of Heat and Cold. _ - 


Sensations of heat and cold are perceived wherever.the sense 
of contact or the sense of effort exikts. They are most perfect 
upon the skin and fauces, but the pharynxaand cesophagus, the 
vagina, bladder, and rectum, arein.a great degree alive to them; 
and the voluntary muscles, when exposed jagprgical operations, 
feel them acutely. Even in the gtomach, sensations of cold appear 
to be felt; though it, may be a, doubt whether the sensation be 


really excited there or in the abdoininal: muscles, through the 
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cold transmitted to the latter, when substances at a low tem- 
perature are swallowed. The same nerves which are the source 
of the sense of effort and of contact, minister to the sensations 
excited by differences of temperature. 

Sensations of heat and cold are relative: the temperature of 
weather which is mild in winter, appears cold to us in summer. 
Like other sensations, these again essentially depend not merely 
upon the present impression, but upon the condition of the sen- 
tient organ. Thus a patient occasionally feels chilly, when the 
surface of his body seems to a bystander more heated than 
usual. The sensation of cold in the preceding instance is ana- 
logous to the perception of flashes of light before the eyes, 
when an apopletic attack is threatened. 

Custom enables the skin to sustain withont inconvenience a 
degree of heat which naturally gives pain, and even to resist 
the physical injury which it commonly produces. Some extra~ 
ordinary exhibitions were not many years ago presented to the 
public, in which there evidently has been no deception, yet in 
which the operator has applied heated liquids or heated metals 
to the skin or tongue, without producing that vesication of the 
surface which another would have experienced under the same 
circumstances. 


SECTION VIII. 
Of the Sense of Motion. 


There is a feeling attending the sudden beginning or retarda- 
tion or acceleration of motion, which is independent of the sense 
of contact excited on one or other of the aspects of the body, 
and of muscular effort. When one is in a state of equable 
motion, as when one lies upon the ground (there being then 
the earth’s motion only to be taken into account), or in the 
perfectly smooth and u rny,motion of a boat gliding down a 
river, we feel that we are at rest. " Any sudden alteration of the 
quaniity of motion. in is: we forge by the sense of motion. The 
existence of the same. sense Nae ‘gendered evident in another 
manner. After travelling’a sflort distance ina rough carriage 
[to the city, for instatice, pido) oS the carriage has 
stopped, and you havé Tndains your's dato few seconds, ‘if 
you rise suddenly, you feel, to att Phsetant or two, as if the. 
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carriage were still in motion: this is the sense of motion con- 
tinuing after the external cause has ceased,—as the sensation 
produced by a flash of lightning remains in the eye longer than 
the light itself. 

It is not easy to say where this sense exists; whether in the 
muscles only, or in the joints and sinews and integuments, 
or in the whole frame together. 


SECTION IX. 
On some of the Uses of Sensation. 


I. The use of the eye is to see, of the ear to hear, of the 
tongue to taste, and so on of the rest: but there are certain 
common ends obtained by, or secondary uses of, sensation, 
which may now be treated of. As they belong to the exercise 
of sensation generally, I have postponed their consideration till 
the nature of each of the special senses had been described. 
They are of various degrees of importance and interest. To 
begin with, it may be observed, that, independently of the gra- 
tification and knowledge which flow directly from our senses, 
their exercise contributes in a high degree to keep the mind in 
a healthful state, to preserve it from visionary scheming and 
idealism, bringing us back directly to what and why we are, 
what our designs an objects. The fantastical state of the 
mind in dreaming results, in a great degree, from the absence 
of those external impressions which habitually [when we are 
awake and sane] poise and steady the mind. 

II. Sensations, as we recollect them, are pictures, sounds, 
fragrance, and the like; but independently of what.is mere 
sensation, there are excited in.us, by its perception, certain 
conclusions respecting external nature, the ong of which it 
18 highly interesting to analyze. 

The impressions to which I refez, ate those of locality, out- 
= and direction. 

. The idea of locality, or a more of less definite impres- 
sion as to the place of sensatibn,* attends the exercise of every 
sense. No one, for instance, can doubt that he tastes in his 
mouth, or smells with, hig nese, or hears in his head, or that 
what he touches with-his hand he a with his hand, not with 
his foot. a 
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b. The idea of outness, on which our belief in an external 
world, in place of a world of dreams, is mainly founded, is not 
excited by every sense. Smelling, tasting, hearing, do not 
appear to me to excite it; nor motion necessarily: but it is 
irresistibly conveyed to our minds by sensations of touch, 
resistance, and vision. In the last instance alone the fact may 
. appear questionable; yet it is sufficiently proved by the remarka- 
ble expression of Cheselden’s patient, who, when tiret restored 
to sight, drew back, thinking that the objects which he saw 
ane his eyes. . 

. We obtain ideas of direction through vision, hearing, 
a motion, contact. 

\. Or to take contact first. Simple contact conveys no idea 
of direction ; but a succession of contacts, as when the point of 
a pencil is drawn along the skin, conveys to us a positive no- 
tion of this relation. 

2. The law through which we receive impressions of visual 
direction has been already explained, under the head of vision. 
The general expression of the law, it will be remembered, is the 
following. Each point of the surface of the retina, when ex- 
cited to vision, sees in the direction of a line vertical to its con- 
cave aspect. 

3. Mr. Wheatstone has ingeniously conjectured, that our no- 
tions of audible direction may depend upon the excitation of the 
parts of the auditory nerve that are distributed in the semicir- 
cular canals: all, however, that we as yet know upon the sub- 
ject [if it deserve to be considered a law of audition] is, that 
we refer sensations of sound to a direction exactly opposite to 
that of the wave or impulse which produces them. 

4. The idea of direction obtained by the sense of effort is 
very definite. Every sensation of effort is attended with a 
consciousness that the direction of the resistance is opposite to 
the sensible direction of the effort. Or, as in a succession 
of contacts, the sensé* copveys immediately the idea of di- 
rection. 

5. The idea of difestign obtained from motion is not imme- 
diate. When we are in pérfettly equable motion we do not 
feel the direction in which we meve: we do not feel, for; in- 
stance, that we are turning round the axis of the globe ina 
direction from west to east. Bat when the direction of motion 
is changed, we then are alive to it, either through altered con- 
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tact and pressure, or disturbance of our equilibrium ; and we 
obtain through these channels further knowledge as to the 
relation of the new direction to the last. 

Ill. Of the use of sensation in voluntary motion. We are apt 
to overlook the influence of sensation in our ordinary muscular 
actions. Yet the effort, which we give to every motion, is 
accurately measured and determined by sensation. The sense: 
commonly employed is the muscular sense. If we have 
to raise a weight, this sense enables us to exert the force which 
is exactly necessary. Supposing again that we have raised 
and are supporting a weight by the hand, the effort, which 
seems a continuous one, is in fact a succession of efforts ; and 
each, like the first, is measured by the weight we are sensible 
of. The same sense keeps us alive to the necessity of con- 
tinuing the exertion, perpetually compelling our attention to it. 
The phenomena of anesthesia already adverted to will illustrate 
this point. When a patient is afflicted with loss of sensation in 
the hand and fore arm, he is nevertheless capable of directing a 
deliberate effort to support any weight in his hand that he sees 
and calculates the exertion necessary for. As long as he con- 
tinues to attend to the weight he carries, he sustains it in safety. 
But if his eyes and thoughts are carried off in another direction, 
there is no sense to guide the muscles to continue their action ; 
they are overcome by the weight which they do not feel, and 
drop it. In the researches which I made some years ago into 
the uses of the fifth and seventh nerves, | was led to generalize 
this principle. Sir C. Bell supposed, that because an animal, 
in which he had divided the facial branches of the fifth, did not 
use its lips to take food, the division of those nerves had para~ 
lyzed the labial muscles : I pointed out, that the fact might be 
explained on the supposition that the lips were deprived of sensa- 
tion only; and additional expe:iments which I performed showed 
my explanation to be correct, and at the same time proved the 
facial part of the fifth not to be a voluntary nerve. In ordinary 
cases of aneeathesia the eye is the substitute for the deficient 
sense of touch; the patient knowing that he cannot feel the 
weight in his hand, looks at it, and by his sight recollects it, 
and measures the force he has to put out. Sometimes this is 
reversed, and the sense of touch 1s:substituted for that of vision 
in guiding muscular action, I happened to observe a blind woman 
thread a needle; the method which she employed was the 
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following :—~ she applied the head of the needle to the tip of 
the tongue, and moved the end of the thread along the tip of 
the tongue, seeing as it were with the tip of the tongue, or by 
its fine sensibility guiding the muscular action of the hand that 
held the thread. 

IV. Of the use of sensation in maintaining equilibrium. 

Nothing appears simpler, or easier, or more natural, than 
maintaining our equilibrium in standing, walking, running, 
under common circumstances. Nor does any thing appear more 
natural and easy than the rapid movement of the fingers of an 
accomplished musician playing on the piano. Both, however, 
are equally the results of long and at first difficult practice in 
the use of muscles under the guidance of more than one class 
of sensation. 

In maintaining our equilibrium we are principally assisted 
by the muscular sense, which informs us constantly of the de- 
gree and direction of the effort necessary for the support of the 
whole and of each part of our frame. When we move about a 
room in the dark, touching nothing in our way, the muscular 
sense alone excites and directs the necessary effort. When in 
the light, we use vision likewise. We then rest or support 
ourselves in some sort on visible objects, of which we know 
from experience the distance. We lean upon our eyesight as 
upon crutches. This is proved to his conviction, when one 
unaccustomed to look down heights stands on the top of a 
tower, resting against the parapet: -he knows that he is safe, 
but he feels insecure ; his eyes no longer support him, and he 
feels as if he would topple over. Or, any one can walk with 
precision the length of a room stepping along a single line of 
plank in the floor: suppose that plank a bridge across a chasm, 
the insecurity which one would feel in passing over such a bridge 
is partly real: use would cure him, by enabling him to fix and 
rest his eyesight on the narrow line he has to traverse, and to 
disregard the distant and moving objects from which his sight 
can derive no support. 

How much the maintenance of one’s equilibrium is the result 
of practised sensation and muscular effort, is shown by what 
happens on going to sea. It is long before the passenger ac- 
quires his sea legs. At first, as the ship moves, he can hardly 
keep his feet; the shifting lines of the vessel and surface of 
the water unsettle his visual stability, the different inclinations 
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of the planks he stands on, his muscular sense. In a short 
time he learns to disregard the shifting images and changing 
motions, or acquires facility in adapting himself (like one on 
horseback) to the different alterations of the line of direction in 
his frame. 

If the passenger newly at sea betakes himself to his cot, lies 
down, and shuts his eyes—the ship having little motion—a new 
phenomenon presents itself. He has excluded, by closing his 
eyes, visual impressions of unstableness; and lying down, is 
called upon to make no muscular effort: the muscular sense is 
not disturbed. He is now sensible of the motion alone; the 
vessel going before the wind gently rises and sinks, overtop- 
ping the light swell. Each change of motion produces a new 
sensation. As the vessel rises, there is a comfortable sense of 
support; when it sinks again, overtopping a wave, there is a 
distressing sense of want of support. This 1s the most painful 
variety among the sensations of motion. Animals may be ob- 
served ta be sensibly alive to it. 

In those in whom the motion of a vessel at sea produces 
sickness, it is this sense of sinking and want of support, which 
seems to excite tenfold nausea. It is the sense of instability 
which in some way produces this effect. For if the sufferer 
opens his eyes, and looks upon the moving lines about him, 
the nausea is yet further increased: still more, if he rises, and 
attempts to stand or walk, the disturbance of the sense of 
equilibrium is then complete. 

Giddiness occasioned by turning round causes nausea, upon 
the same principle with the pitching of a vessel. When you 
stop, every thing seems to whirl around you, and produces a 
sense of insecurity and unsteadiness. Some persons, however, 
are naturally much more sensible to disturbance of the sense 
of equilibrium than others. Itis on the most sensible alone to 
these impressions that experiments can be made, that will 
bring out the true relations of these phenomena. The general 
susceptibility of persons to such impressions may be measured 
by the effects produced in them upon looking down heights. A 
person who is rendered giddy by so doing, is commonly unable 
to bear the motion of a swing, or of a ship at sea, or to look at 
a mirror when swinging backwards and forwards. A person of 
this idiosyncrasy told me, that when angling in a large sheet of 
water into which he had walked a little distance from the shore, 
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the wind causing a considerable ripple, and the expanse of 
water being large enough to fill nearly all his vision, the most 
distressing giddiness supervened, which forced him to turn. 
and make for the bank. On repeating the experiment, exactly 
the same feelings returned. 

The following observations go to establish an intimate con- 
nection between the visual sense of disturbed equilibrium and 
the feelings of nausea which often go with it; and throw light 
upon the general relation between vertigo and impressions on 
the senses. 

If a person on the deck of a vessel be slightly disposed to 
sickness, he has only to lie down and shut his eyes, and the 
sickness goes away: he has excluded the vision of so many 
shifting lines and surfaces. On the other hand, if a person 
after much fatigue drinks hastily three or four glasses of wine, 
it gets into his head; and then, if he closes his eyes, every 
thing appears in a whirl around him, and a sense of nausea 
supervenes: but if he opens his eyes, and fixes his sight on 
any stationary object in the room, the inward whirl from the 
altered cerebral circulation vanishes before the steady impres- 
sion upon the sense, and with the giddiness the nausea dis- 
appears. 

The giddiness which persists after one has turned round 
quickly several times in succession, is a complicated phenome- 
non, The person not only feels giddy, but has a disposition to 
move his eyes and limbs and frame after or in the direction of 
the whirling sensation. The continuance of sensation in this 
instance, after the physical cause is over, is the result of a law 
common to most of the senses. The light of an electric spark, 
which really lasts but the eighty-thousandth part of a second, 
seems to last upon the eye the eighth part of a second. Tastes 
and flavours Jast upon the palate and the nostrils in like pro- 
portion, So the feeling of disturbed equilibrium lasts for a 
considerable period in the frame generally. Mr. Wheatstone 
communicated to me a singular observation, which proves that 
the giddiness produced by turning is an affection of the senses, 
not of the brain, and that the sense of motion may be involved 
.in its production. If a person, while turning round quickly, 
holds a large sheet of paper before and near his face, so as to 
exclude all sight of the room, and fixes his eyes upon a point— 
a letter, for instance, in the middle of the paper—-when he 
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stops, he finds his head perfectly steady; his eyes have no mo- 
tion, and the walls of the room appear to him as stationary 
as if he had been sitting still. His legs, however, are not in a 
corresponding state of stability; they feel unsteady, as if actually 
still turning round, which they are strongly disposed to do. 

V. Observations of direction displayed by animals. 

There is a use of sensation, of which animals avail them- 
selves, and to which there is nothing exactly parallel in the 
anomalies of human partial talent. This is displayed in the 
power which they occasionally evince of finding their way home 
from great distances by new routes. 

This faculty must turn upon a different principle to the mi- 
gratory instincts of birds, the nature of which is more easily 
conceivable. One may imagine the sensations of a bird de- 
termining it instinctively to make a long flight at a particular 
season of the year; and that from or with the sun or the hike, 
guided by the general aspect of nature. But an instinct to find 
one’s way home, is an expression that conveys no idea. Let 
me, however, exemplify the power in animals, of which an ex- 
planation is to be given. The following instance is from Kirby 
and Spence’s Entomology. 

‘‘ In March, 1816, an ass, the property of Captain Dundas, 
then at Malta, was shipped on board the Ister frigate, Captain 
Forrest, bound from Gibraltar for that island. The vessel having 
struck on some sands at Point de Gat, at some distance from 
the shore, the ass was thrown overboard, to give it a chance of 
swimming to land; a poor one, for the sea was running so high 
that a boat which left the ship was lost. A few days after- 
wards, when the gates of Gibraltar were opened in the morn- 
ing, the ass presented itself for admittance, and proceeded to 
the stable of Mr. Weeks, a merchant, which he had formerly 
occupied, to the no small surprise of this gentleman, who ima- 
gined that, from some accident, the animal had never been 
shipped on board the Ister. On the return of this vessel to 
repair, the mystery was explained; and it turned out that Va- 
lianté (for so the ass was called) had not only swam safely to 
shore, but, without guide, compass, or travelling map, had 
found its way from the Point de Gat to Gibraltar, a distance of 
more than 200 miles, through a mountainous and intricate 
country, intersected by streams; and that in so short a period 
that he could not have made one false turn.” 
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There are numerous instances of a like kind, only less strik- 
ing, that are perfectly authenticated. How are we to explain 
them? I think there can be no doubt that the animal is guided 
on these occasions by a general recollection of the direction in 
which it travelled from home. The question is, by what sense 
was that direction estimated? In several cases the animal has 
been inclosed in a sack or a basket; the distance travelled has 
been many miles; and the turnings made in its carnage have 
been endless; and the place to which it has been carried has 
been one it had never visited before. In such cases I con- 
clude that the sense which the animal has employed has been 
the sense of change of motion, aided by the sense of contact. 

We may suppose the animal alarmed at its new situation, 
and bending all its powers of observation upon where it is going, 
and the means of escape: it appears to me not beyond proba- 
bility, to imagine that the animal observes each turn its path 
makes, and so draws a correct inference as to the general direc- 
tion in which it has travelled. I hardly think guch an effort more 
wonderful than that of a practised instrumental performer, who, 
after hearing for the first time the overture of a new opera, can 
play it without missing a bar. In the cases of accurate obser- 
vation by animals now referred to, it may again be supposed 
that all animals of the same kind are not equally gifted: and 
another aid may often come accidentally to assist the perform- 
ance of the feat; after travelling in a direction generally true, 
the animal, reaching at last the neighbourhood of home, may 
come upon some familiar track that may be its final guide. 


CHAPTER XJ. 


OF VOLUNTARY MOTION. 


THE subjects which are to be considered in the present ‘chapter 
admit of being arranged under six heads: —1. The nature of 
the bones and joints, and the general mechanism of the skele- 
ton; 2. The voluntary muscles and their tendons; 3. The atti- 
tudes and movements of man; 4. The facial muscles, or phy- 
siognomical expression generally ; 5. The mechanism of breath- 
ing; 6. The voice. 


SECTION 1. 
The Bones and Joints. 


Whoever would obtain a profound knowledge of the animal 
frame must make the bones not only his first, but his principal and 
constant study. The bones are the parts to which all the other or- 
gans are shaped and moulded : or, to speak more correctly, the 
several organs of the body are indeed formed together, and re- 
ciprocally moulded to each other’s figure; but the bones being 
hard parts, retain the cast and impression of the rest, and being 
the only hard parts may practically be viewed as afterwards de- 
termining their place and disposition. Again, the bones, after 
being macerated, are so easily preserved, and are of such con- 
venient reference and study [compared with other parts of the 
body], that, if there were no other reason, it would be worth 
while to associate one’s knowledge of the interior of the frame 
with these organs, as a note-book of easy reference by which to 
refresh one’s recollection. But, as regards the practical study 
of the living body as the subject of the medical art, a know- 
ledge of the relative position of other parts to the bones as- 
sumes a new importance. Though the bones present here 
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and there only visible salient points, yet by the touch they 
are everywhere distinguishable, and their several parts and pro- 
cesses determinable with precision. Whoever therefore knows 
the relative place of the different soft parts to the bones, has 
the means of telling exactly where each of the former is located 
in the living frame. If he wishes to expose a particular artery, 
or to avoid it; if he wishes to ascertain the part which is the 
seat of inward uneasiness, he has only to calculate the relations 
of the vessels or viscera of that region to the bones. 

But the study of the bones in connection with other organs 
has broader relations, when applied to comparative anatomy. 
The shape of the bones declares what classes of muscles have 
been developed, the form of their articular ends, manifests the 
kinds of motion which have belonged to the frame; to the kind 
of motion, the habits of the animal, the nature of its food, the 
construction of its digestive apparatus, and its whole interior 
frame, must have had a definite bearing. Thus it may happen 
that a single bone found by a naturalist may enable him to 
determine, not only the size, but the complete form and struc- 
ture of the being to which it belonged. 

It is in the study, however, of fossil remains that osteology 
most asserts its speculative importance. The bones, from their 
mineral character, have a permanency and exemption from de- 
struction and decay which other parts have not. So we find 
in the strata near the earth’s surface fragments of skeletons of 
animals, now unknown, that once peopled our globe. These 
fragments the skilful osteologist is capable of combining with 
certainty, to form the skeleton of the pre-Adamite animal, 
formed when the globe was other than it is, and fitted for 
other living beings than the present; but though different, 
bearing a sufficient analogy to existing races to enable us to 
judge of the genera to which they are cognate, of their nature, 
their powers, their habits, and dispositions. 

The interest of osteology is inexhaustible. The sculptor or 
painter who would acquire facility and correctness in drawing 
the human frame, must begin with the skeleton; and in each 
figure that he designs when accomplished in his art, he must 
still see the skeleton within the outline, to be sure of its general 
truth of drawing, as well as of expressing properly the subordi- 
nate markings that in the limbs indicate the forms of the arti- 
cular ends of the bones. And there is this in Nature, as con- 
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trasted with human design. An artist who copies with interest 
and delight the fine remains of the most perfect specimens of 
architecture, the task completed, feels that he has mastered all 
the science and principles of harmony and proportion that the 
object contains. His curiosity and taste are satisfied. This is 
not the case when any of Nature’s works are our study. When, 
for instance, we bend our art to pourtray the skeleton, even 
where a part of it only, or a single bone, is the subject of 
observation, I know, from having experienced the satisfaction 
J describe, the pleasure which grows with the continued con- 
templation of each portion of this frame-work of our body, when 
we pore over it with the attention which copying it as an artist 
requires. 

I am supposing, indeed, that the artist pursues these studies 
with his mind alive to the physiological relations of the sub- 
ject: that in tracing the shape and markings of the bones, he 
considers their uses, their coadaptation to each other and to 
the sinews and muscles, their proportions and relation to the 
entire frame. 

A sense of its utility is necessary to the perfect enjoyment of 
what is beautiful. A conception of the purposes contemplated 
in them is requisite, to draw out adequately those emotions of 
admiration which the noblest works of Nature are calculated to 
excite in us. The uninstructed peasant surveys with wonder 
the spangled heavens. How imferior is his delight to that of 
the philosopher, who sees in these shining orbs, the skeleton of 
the world, enormous spheres moving by sublime and simple 
laws, the physical frame of the universe of which the spirit is 
God. 

It is not otherwise with the study of the microcosm of the 
human frame: it is full of beauty; but that beauty is cogni- 
zable only by intelligence that can comprehend its objects, and 
therefore distinguishable only partially, here and there only, 
where we possess those elements of knowledge which enable us 
to comprehend the design intended, and the perfectness with 
which it is executed. It is evident that these considerations 
tend to elevate very highly the study of the present branch of our 
subject. The laws through which we feel, think, and have our 
vital being, are calculated only to excite wonder. We do not 
know why they might not have been otherwise, and why all is 
as we see it. Not so with the mechanical structure of our frame : 
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its provisions we can estimate and admire, its weight and strength, 
the disposition of the forces which operate on it, the congruity 
and harmony of the whole. 

Thus strong are the grounds upon which the student must 
learn to consider osteology [often estimated by the beginner as 
a dry and tedious study] as the most important, the most use- 
ful, the most satisfactory portion of anatomical science. 

When sections are made of a macerated and dried bone, it 
is found to be composed of two parts; externally of a compact 
crust of greater or less thickness, and internally of a series of 
delicate bony threads, which form a close network, or lattice- 
work, or cancellated structure, the spaces or cells between 
which freely communicate. 

The bones of the skeleton affect three principal forms, each 
of which has some peculiarity in its structure, adapted to the 
object upon which it is employed. 

The fiat bones, as they are termed, are those which form the 
walls of the great visceral cavities, the cranium, the chest, the 
pelvis. In these bones the crust is thin, and disposed in what 
are called tables, an outer and an inner: the interposed can- 
cellated structure is termed the diploe. The two tables of the 
flat bones are for the most part parallel. In the skull the inner 
table is of a closer grain and of greater density than the outer. 
The flat bones are externally convex, -—~a circumstance which 
contributes with the alternating compactness and porousness of 
their texture to increase their strength. 

The round or cuboid bones are small irregular cubes or por- 
tions of cylinders, one series of which forms the vertebral 
column, another the wrist, and a third the instep: their crust 
is yet thinner than that of the flat bones; their internal struc- 
ture varies in different instances: the cancelli are fine in the 
vertebree, coarse in the tarsal and carpal bones. The texture 
of cuboid bones is therefore any thing but brittle, and is well 
calculated to deaden the force of jars and concussions of all 
sorts. To promote the latter object, the cuboid bones are 
placed not singly but in groups, so that the elasticity re- 
sulting from many joints and intervening layers of cartilage 
may add to that resulting from their texture. Another ad- 
vantage is obtained by forming the parts described of many 
bones ; a considerable extent of motion may-exist in the entire 
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part, at the same time that no single joint has play enough to 
risk its security. 

The long or cylindrical bones are employed as levers upon 
which the muscles act when supporting or propelling the body. 
The extremities of a cylindrical bone, where it is articulated to 
those adjoining, as they have the office, so likewise have they 
the structure of the cuboid bones—a thin outer crust, and strong 
cancelli: they hkewise generally affect a considerable breadth, 
which increases the strength of the joints. But the interme- 
diate part or shaft of a long bone is constructed differently ; its 
crust is of great thickness, from one-fourth to one-third of an 
inch; while the internal cancellated structure is remarkably 
fine and delicate. The bony matter, spread out in innumerable 
plates and fibres in the broad articular extremities, in the shaft 
is condensed into a close and compact structure, in order that 
the lever which it forms may not be flexible: the shaft is cast 
into a hollow cylinder, for the purpose of giving greater strength 
through the increase of the thickness of the column. Or, to 
illustrate the advantage in another way, the shaft is hollowed 
to give it lightness, at the same time that the removal of its 
centre does not materially diminish its strength, as the violence 
which threatens transverse fracture is resisted by the outer 
crust alone of a solid cylinder. 

When a bone is calcined, the earth which remains has the 
same form and structure as the bone possessed ; but it is brittle, 
and falls in pieces almost from its own weight. If a bone is 
steeped in acid, it retains its form and structure, but becomes 
flexible. 

The following table exhibits the composition of calcined hu- 
man bones, according to the analysis of Berzelius, 


Phosphate of lime............00 seasiceaknseatingsitousdens 81.9 
Fluate of lime ............ pedee suatedevuahOaicaene esuavess 3.0 
Lime ...... baebeehewasdestcnnsis 4 uaewnee ae ebenielles iceduubeve 10.0 
Phosphate of magnesia.............ccscceeees veeees sees A 
Boda: cd svacccasisntciectwiiescasieiscaas sicher aGewsseencwans » 2.0 
Carbonic a0id. aiccscsessissssncteriesssssas vaveescssacesesa 2,0 
| 100.0 


Bones when forming part of the living body are covered with 
a membrane termed their external periosteum, which is easily 
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detached from their surface ; it is thin, except where tendons 
or ligaments are inserted. All the cavities in a bone again are 
lined with a fine membrane termed the internal periosteum : 
within this another membrane is contained, from which is se- 
creted the oil which forms the marrow. 

Upon examining the bones in a subject minutely injected 
with size and vermilion, blood-vessels may be traced through 
their entire substance. Neither lymphatics nor nerves have 
been followed into bone ; but absorption evidently takes place 
during the growth of bane, or the cavities of the long bones 
could not enlarge proportionally. During health, bones are 
perhaps insensible : during disease, they exhibit acute sen- 
sibility. 

The modes in ach the bones of the skeleton are joined 
together are very various: in some instances no motion is 
allowed between adjoining bones, and they seem to have been 
left disunited with the sole object of diminishing the liability 
to fracture in the part they form. Upon this principle it is 
supposed that the bones of the cranium are left disunited after 
their growth is completed. The strength of the immovable 
joints which are thus left is determined by the shape of the 
bony edges. In general these are wrought into alternating 
projections and hollows; so that, to use a term of carpentry, 
the bones are dovetailed together. In other instances a plate 
of one bone overlaps a plate of another. The former kind of 
junction is termed a suture proper; the latter a squamous 
suture. 

In other instances again, where no sensible motion is in- 
tended to take place, but where a part has often to resist con- 
siderable violence, a portion of white elastic substance termed 
fibrous cartilage is interposed between two bones, with the 
extremities of either of which it is continuous; in this man- 
ner the ossa innominata are joined to each other and to the 
sacrum. Asa variety in this sort of articulation we may re- 
mark, that the true ribs are joined to the sternum by portions 
of fibrous cartilage, which are received into sockets at the side 
of the breast-bone, but are not continuous with it: a layer of 
cellular membrane is interposed between the cartilages of the 
ribs and the breast-bone, so as te allow a certain degree of 
motion to take place at the sterno-cestal joints during ive dila- 
tation of the chest. 
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In the kind of joint last described, another substance called 
ligament is generally found in addition. Ligaments are white 
silvery bands composed of delicate fibres, that are very flex- 
ible, but have little extensibility: they are composed nearly 
wholly of gelatin: they have no sensibility to common stimuli, 
but straining them gives rise to acute pain. 

The joints of the bodies of the vertebra deserve to be parti- 
cularly described. In fish, in which the spine is very flexible, 
the articular surfaces of the bodies of the vertebree are so exca- 
vated, that when two meet they inclose a cavity, the shape of 
which may be called spherical. This cavity is filled with fluid, 
which we will suppose to be incompressible, while the margins 
of the two vertebrez are joined together by the intervention of a 
ligamentous substance which is highly elastic; thus a double 
ball and socket joint exists between every two vertebre, each 
of which is capable of rolling in every sense upon the ball of 
liquid contained between the two. In the human spine the 
same type is followed, but with a provision for much less lati- 
tude of motion; the excavation is shallow, the central sub- 
stance semi-fluid, and the surrounding fibrous cartilage is con- 
fined by ligamentous bands of a less elastic substance. 

In the two preceding kinds of joints (at least in the human 
frame), there is no absolute discontinuity ; a layer of animal mem- 
brane or of fibrous cartilage directly unites the opposed ends of 
the bones. In other joints the bones being otherwise disconnected 
are held in apposition by ligaments. The ends of such bones are 
covered with a layer of elastic cartilage, that their reciprocal 
pressure may not injure the osseous tissue. And to facilitate 
their motion on each other, the whole inner surface of the joint 
is lubricated with a peculiar fluid. The lining surface may be 
viewed ay one continuous membrane. Membranes of this de- 
scription in many respects resemble serous membranes; they 
form shut sacs of the finest texture: they can be separated, 
though not without difficulty, from the ligaments and peri- 
osteum which they cover; but they rarely admit of being de- 
tached from the surface of cartilages. I have, however, some- 
times been able to peel the synovial membrane from the carti- 
lages of joints, and have several times seen its blood-vessels 
injected. Membraneg,.of this description take their name from 
the viscid fluid called-wynovia, which they secrete, and which 
lubricates their inteinat ‘surfaces. 
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From an analysis by M. Margueron, it appears that sinovia 
is composed of the following ingredients : 


Fibrous matter ...........6: daeans eeutewcesiess bee hues 11.86 
Albumen .......00. sucgseae wauseeterves Sasdguumenece eee 4.52 
Muriate of soda .......ccccccseees Lakeaewaeauesoncuneaaees 1.75 
SOGA i iiertsusesseraaducideccdeciebss cic oaasyecness Pere 0.71 
Phosphate of lime .......ccs0. crcosccerecccestoerecess « 0.70 
WY ACER scot atevesseounees so eNlaoueen te ceaecaes sGewieundes 80.46 

100.00 


Joints which combine these various elements are divided into 
classes, according to the form which they affect, and the kind 
of motion of which they allow. 

A ball and socket joint, or enarthrosis, like that of the hip, 
has great security, and at the same time permits very extensive 
‘motion. 

A joint, in which surfaces nearly plane are opposed to each 
other, is termed an arthrodia; the motion allowed in such a 
case is very limited, but takes place in every sense. 

A joint which allows of motion in one plane only is termed a 
ginglymus or hinge joint. Of this joint there are two kinds ; 
in one the motion is angular, as in the knee,—2in the other 
rotatory, as in the joints of the atlas and dentata. 

Such are the materials of the skeleton, and the different 
modes in which they are joined together to form one frame. 

When we seek in the skeleton for illustrations of that analo- 
gical design, which is distinguishable, not merely in entire classes 
but in single objects of Nature’s workmanship, we remark that 
the head is not a part which corresponds with any subdivi- 
sion of the frame, but that it rather seems an epitome of all 
the rest. 

When we compare together the several regions of the trunk, 
we observe that it is laid out in corresponding organs or pairs of 
organs on either side of a centre, which is formed by the five 
lumbar vertebree. Above the lumbar vertebre are the dorsal, 
above these the cervical; below the lumbar vertebrz are the 
sacral bones, below these the coccygeal. To the dorsal vertebree 
and to the sacrum, bones are articulated, which have the double 
office of forming a visceral cavity, and of throwing to a convenient 
distance from the median plane the bongs. of the extremities, 
The ribs and sternum, the clavicles ané*scapule, form with 
the dorsal vertebres an organ strictly dnalogousto that fdimed 
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by the ossa innominata and the sacrum. But the chest for the 
function of respiration requires to be continually altering its 
dimensions, and the upper extremity is characterized by the 
extent and velocity of its movements rather than by strength : 
to suit both these objects, the chest and shoulder are formed 
of many bones, that are moveable in various senses ; the ribs 
are capable both of rotating upon their sternal and vertebral 
joints, and of being raised or depressed upon their vertebral 
joints carrying with them the sternum; the clavicle again re- 
volves upon the sternum, and the scapula rolls upon the con- 
vexity of the ribs. On the other hand the pelvis, as regards 
the viscera, is intended merely for their support ; and if during 
labour a temporary enlargement of its lower aperture is requi- 
site, the flexibility of the joints of the os coccygis in the female 
skeleton, with the temporary yielding of the ligaments, affords 
a sufficient provision for this object: the inferior extremities 
again require to be articulated to a solid unyielding platform, 
upon which they may poise the incumbent weight of the trank 
and head. The bones of the pelvis are for these reasons few, 
weighty, massive, and knit together immoveably. Thus accu- 
rately do the points, in which a resemblance is wanting be- 
tween the chest and pelvis, preserve the analogy between these 
parts. 

It is needless to dilate upon the correspondence of the femur 
with the humerus, of the tibia, patella, and fibula, with the 
radius and ulna, of the tarsus with the carpus, of the remaining 
bones of the foot with those of the hand. As mobility is the pre- 
vailing character of the upper extremity, the radius plays upon 
the ulna, the bones of the wrist are so disposed as to form three 
ball and socket joints, and the metacarpal bone of the thumb 
moves freely on a hinge joint. As stability is the leading cha- 
racter in the lower extremity, the knee moves in one plane 
only, the fibula has no motion upon the tibia, the joints of the 
tarsus do no more than yield sufficiently to break the force with 
which the frame alights upon the ground, and neither of the 
metatarsal bones moves on its tarsal joint. 

It would appear fanciful to enlarge upon the points of corre- 
spondence between the head and trunk. As the vertebral canal 
contains the spinal cord, the cranial cavity contains the cere- 
brum and cerebellum; as! the main parte of the resfiratory 
‘organs are contained ia the upper cavity of the trunk, and tle 
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digestive viscera are supported by the lower, so the nostrils are 
the cavities of the fore and upper part of the cranium, and the 
fauces of the lower part. If the chest supports the organs of 
prehension, the pelvis those of pursuit, the orbits, the nostrils, 
the cavities of the temporal bone, have points in common with 
the former, and the fauces, which contain the tongue, have a 
trivial analogy with the latter. 

When we consider the human skeleton as designed for beings 
distinguished by the erect posture and erect progression, and 
as a frame-work likely to be exposed to violence, yet endued 
with strength to resist it, the following circumstances attract 
our notice. 

1. The foramen magnum occipitis is situated nearer the 
centre of the base of the skull in man than in quadrupeds, for 
the evident purpose of allowing the skull to be balanced with 
little muscular effort on the vertebral column. The lower cer- 
vical and upper dorsal vertebre are, with reference to the same 
circumstance, deficient in man in those processes to which the 
strong ligamentum nuche of quadrupeds is attached,—required 
in the latter to give permanent support to their pendent head, 
and economizing muscular exertion. The vertebral column be- 
comes uniformly broader towards its base; or if at one part its 
progressive increase seems interrupted, it is but where the ribs 
and sternum give it towards the middle of the back an adven- 
titious strength. The upper margin of the acetabulum is the 
deepest and the strongest. The centre of gravity is situated in 
or but little above the centre of a line connecting the axes of 
the two acetabula, so that the head and trunk and arms of a 
standing person may be swayed to any extent forward or late- 
rally without risking the security of the posture. 

2. The lower part of the vertebral column does not rise ver- 
tically from the pelvis, but is inclined obliquely forwards; so 
that when the trunk is carried forwards by a sudden spring, 
the resistance of its inertia does not strain the ligaments be- 
tween the sacrum and the last lumbar vertebra, or between any 
two vertebre exclusively, but telling first upon the inferior 
surface of the lowest vertebra, is then thrown upon the liga- 
mentous connections of several bones, which form a column 
so curved as to share the strain between them. The vertebral 
column-thrown backwards in the dorsal region, thus deepens 
the cavity of the chest, and throwing the shoulders yet farther 
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back, tends so much the more equally to distribute the weight 
of the frame before and behind the axis of the spine. The 
spine, composed of twenty-four spongy bones, united by soft 
and elastic. substance, is by the nature of its materials admi- 
rably qualified to take off the effect of jars or concussions from 
the head, when from a state of rapid motion the frame alights 
upon the feet; a purpose for which its curved form renders it 
all the more available. The spinal column rests on an elastic 
hoop, in the extreme circumference of which on either side the 
deep cups are wrought, which receive the heads of either thigh 
bone. But this elastic hoop is not disposed vertically, but 
slants in such a manner, that when we alight upon our feet, 
the force of the arrested motion tells in great measure on the 
extensor muscles of the hip. The neck of the thigh bone is 
oblique, to disengage it from the pelvis: the shaft is oblique 
in the opposite direction, to bring the knee vertically below 
the hip. The numerous joints of the foot, to conclude, each 
allowing of very trifling yielding, render the entire arch the 
more secure; and the astragalue, which directly receives the 
weight of the body from the tibia itself, rests immediately upon 
the trochlea cartilaginea, a thick and strong elastic ligament, 
which, the more it is depressed, the more tightly does it hold 
together the vaulted frame-work of the foot. 

3. What is most admirable as regards the strength of the 
skeleton, does not consist in an indefinite power of resisting 
violence, but in the surprising amount of security imparted by 
their shape, and number, and modes of articulation, to such 
frail materials—in the equal strength of the whole—in its pro- 
portion to the sensibility and power of exertion and endurance 
in the soft parts, and to the risks to which it is in the common 
course of events exposed. In the cranium especially, physio- 
logists delight to notice the strength derived from its arched 
form ;—the partial thickening of its most exposed and promi- 
nent parts; —its texture strengthened by being wrought in 
three layers of varying density ;— its sutures, which concur 
with the last-named provision in diminishing its brittleness, 
and their well-known squamous configuration at the side of the 
head, enabling the sphenoid und temporal bones to resist the pres- 
sure outwards at that part, when the vertex is forcibly struck *. 


* I take this opportunity of recommentling w the perusal of the student 
Dr. Arnott’s “ Elements of Physics.’” 
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The physiology of the skeleton is peculiarly adapted to fur- 
nish popular illustrations of the design evinced in the human 
frame. With this object in view, I will mention one or two 
other provisions, in addition to those which I have already 
explained in treating this part of my subject. 

The five lower cervical vertebree enjoy the same kind of 
motion with the vertebree below,—motion equal in every direc- 
tion, yet extremely limited between each pair of bones. But 
the atlas and dentata have articular surfaces adapted for move- 
ments of a much more extensive nature. The ligamentous 
structure, by means of which the spinal marrow is here secured 
from injury, is a common theme of admiration. At the same 
time a provision, the extent of which is perhaps not equally 
understood, is made for the safety of two great vessels of the 
brain, the vertebral arteries. For the purpose contemplated a 
canal is formed, in which these arteries are lodged, by perfora- 
tions in the transverse processes of the cervical vertebree. Now 
the axis of this canal in the five lowest vertebre is vertical: the 
motion between any two of these bones is inconsiderable; the 
artery therefore, although straight, is not in danger of being 
strained. But above, where the atlas and dentata have a wide 
extent of motion, the axes of their perforations are observed to 
be oblique. At the same time the part of the artery between 
the dentata and the atlas, and that between the atlas and the 
occiput, are found to be more than twice as long as the vertical 
height of the intervals requires. At each of these intervals the 
artery describes a semicircle, towards which figure it derives its 
bent, from the obliquity of the axes of the bony canals. It 
runs, therefore, no risk of straining or undue extension during 
the utmost motions of these bones with each other and with 
the occipital. The artery is then only unbent, not stretched, 
in consequence of the disposition which has been explained. 
But Nature delights in obtaining by one contrivance more than 
one important end. The double curves of the vertebral arteries 
are in truth no less essential for their own preservation, than for 
protecting the soft texture of the brain by dupimaning the 
impetus of the blood transmitted to it. 

I think that nothing is more admirable than the joints. 
Take for instance two that are comparable im their general 
uses, but in which certain peculiarities admit of the introduc- 
tion of some difference of structure with pelaueaee elbow . 
and the knee for example. 
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The elbow and the knee are both hinge joints, in which it is 
required for the strength or security of action of the limb, 
that there should be a limit, at which its motion in extension 
should be mechanically arrested; that limit being attained 
where the two parts of the limb, instead of enclosing an angle, 
form a right line. 

The stop to the extension of the elbow is managed by a very 
simple contrivance. The olecranon or humeral end of the ulna 
is shaped into an articular surface that exactly fits the pulley-like 
surface of the inner condyle of the humerus ; the exiremity of 
the olecranon is a process of bone of great strength, which ends 
abruptly in a broad projecting beak, that is adapted to catch 
in a deep fossa in the posterior surface of the articular end of 
the humerus, in such a manner that the bones are firmly locked, 
when the joint has reached the position of complete exten- 
sion. 

In the knee joint a similar provision might have been em- 
ployed with equal advantage, as far as the giving the knee 
stability in extension is concerned. But there would have 
been this disadvantage: the process of bone must have been of 
considerable length. In flexion of the knee it would therefore 
have formed a projection, of which the principal feature would 
have been its liability to injury. The knec is in everybody’s 
experience a part continually struck ; this process of bone would 
therefore have been perpetually broken off. So Nature employs 
other means to obtain her object. 

These means are the following. The tibia is 
strongly tied to the condyles of the femur by 
the crucial lgaments, the course of which is 
given in the adjoined figure. They are attached 
at points of a horizontal line passing through 
the knee, which forms an axis, a segment of 
the circumference of which is described by the 
posterior surface of the condyles. In this curve 
the tibia moves during the flexion of the joint, 
the crucial ligaments remaining tense, but not 
interfering with the motion. Now if the front of 
the condyles had been a continuation of the same 
circle [this idea is imaged by the dotted line] 
which their posterior aspect forms, the knee joint 
might have bent each way, forward as well as 
backward, and it would have had no position of stable exten- 


Of the Hip Joint. 343 


sion. But that is not their figure; they are produced in a 
tangential line to the dotted circle; and being so preduced, 
and the crucial ligaments being inextensible, it is evident 
that a perfect check to further motion forward, that is to say 
stable extension, is obtained. 

The crucial ligaments present anotherad vantage of adjustment: 
when viewed in front or from behind they are 
seen to cross each other in the manner shown 
in the adjoined figure. Why should this 
be? The disposition appears to me intended to 
give them the additional force of lateral liga- 
ments. Had their fibres been disposed both 
in the same planes [which must have been 
vertical], they would not have checked lateral 
flexion: disposed as they are, it will appear 
evident, on inspection of the diagram, that 
each prevents lateral motion of the tibia in one 
direction. 

But in the knee joint, the analogue of the olecranon still finds 
its place. This is the patella, which is a true olecranon, only 
united by ligament, not by bone, to the tibia. Being united 
by ligament, it is‘of no use in checking the extension of the 
joint: but still it serves a purpose: it protects the joint from 
the effects of blows and hurts, which it is perpetually receiving, 
and which, had they fallen upon the softer textures, would 
have been the certain occasion of frequent disease. 

The study of the hip joint is not less interesting. There are 
two points in its construction that have particularly struck me: 
these are the provisions to limit rotation inwards and outwards. 
The rotation of the femur outwards is limited by the strong 
anterior fasciculi of the capsular membrane. It is very neces- 
sary that such a provision should exist, or dislocation inwards 
of the hip would frequently occur. [t is equally necessary 
that the rotatory motion of the femur inwards, beyond certain 
limits, should be prevented: if it were not, dislocation of the 
hip outwards would frequently occur. But this necessary 
eheck or limit could not be obtained in the same manner as the 
first, without the introduction of a long thick incommodions fold 
of ligamentous membrane behind the neck of the.bone. This 
means Nature does not adopt; but in its place introduces 
within the joint a ligament called the round ligamept, which 
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is of a length exactly to stop the rotatory motion outwards, 
when its further production would endanger the joint. Buta 
ligament in the interior of a joint, on which so much pressure 
is made as on that of the hip, would he liable, without some 
special provision, to become diseased through the pressure: to 
prevent this result, there is a notch cut at the bottom of the 
joint, in which a bed of fat is laid, and which exactly corres- 
ponds in length with the ligament, and keeps it always out of 
harm’s way. 


SECTION II. 
The voluntary Muscles and their Tendons. 


The nature of the muscular tissue has been already de- 
scribed. That which ministers to voluntary motion does not 
differ in its structure from that which forms involuntary mus- 
cles: but whereas the latter are disposed as tubular coats 
around the hollow viscera, the voluntary muscles invest the 
skeleton, extending from bone to bone. 

The muscles of the trunk and limbs have at least two attach- 
ments to bone, one of which is called their origin, the other 
their insertion. The former term is usually applied to that 
attachment which is nearest the centre of the body, or which 
under ordinary circumstances is the fixed point during the 
action of the muscle. By its origin and insertion a muscle 
adheres to two separate bones, which either are articulated 
together, or have a third bone or even several interposed. In 
the latter case a single muscle is adapted to bend or extend 
several joints. 

Muscular fibres in some instances adhere directly to the 
periosteum of a bone, in others they are united to it by an 
‘Intermediate cord of a structure resembling that of ligament, 
termed a tendon or sinew. The greater number of muscles 
of the class under consideration have a tendon at one extre- 
mity, and commonly at both some tendinous fibres are wrought 
into their texture. | 

Some heave illustrated the connection between a muscle and 
a tendon in the following manner. Each fasciculus of a 
muscle, as it has been already remarked, has its sheath of 
membrane; we have but to suppose this sheath prolonged 
beyond: the termination of the fibre, as a compact thread, and 
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we have a tendon produced. On this supposition the definite 
proportion between the strength of a muscle and.that of its 
tendon would be essentially provided for by an union of threads 
in the texture of the latter, equal in number and coarseness to 
the fasciculi of the muscle. The threads of which a tendon is 
composed are never plaited and are rarely twisted : they are, in 
almost every instance, collected into fasciculi which are simply 
laid side by side, and strongly cohere. 

The various uses which tendons serve require an elaborate 
explanation. 

The strength of a muscular fibre does not alter with its 
length. Along and a short cord of the same texture and 
thickness require an equal force to tear them asunder. The 
strength of a cord is that of its weakest point. It must be the 
same with a muscular fibre. We may suppose the contraction 
of a muscular fibre efficient at any degree below the maximum 
force of its weakest part; but if the resistance opposed to it 
exceed the strength of the latter, it is obvious that the exten- 
sion or rupture of the fibre at that part will neutralize the force 
of the rest. All that the remaining parts of a muscular fibre 
can do, is by exerting an equal force with the weakest to 
prevent the waste of any of its effect. 

But the extent to which a muscle can shorten, depends 
upon the length of its fibres. It is ascertained that a mus- 
cular fibre is capable of contracting to a limited degree only. 
When a limb has been broken, and through ill management has 
become materially shortened, its muscles are for a time ren- 
dered useless, although they subsequently accommodate them- 
selves to the altered length of the limb. Let us assume, then, 
that a muscular fibre in action can only diminish its length by 
one-third : it follows, that a muscular fibre of three inches in 
length would in its utmost contraction bring its points of attach- 
ment an inch nearer than before, whereas a muscular fibre a 
foot in length would be capable of reducing the distance between 
its points of attachment four inches *. 

Now let us suppose, that the distance between the origin 
and insertion of a muscle is one foot, but that the necessities 
of the frame never require that its attachments should be 
brought nearer than eleven inches. It is obvious that in such 
a case three-fourths in length of the muscular fibre would be 

* A muscle can probably contract to three-fifths of the length which it 
presents in its relaxed and elongated state. : 
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useless, and that their place might as well be supplied by an 
inextensible substance. In the wise economy of Nature this cir- 
cumstance has not been overlooked : in cases similar to that sup- 
posed, as in the instance of several of the muscles which move the 
wrist, tendon is used in place of an unnecessary length of muscu- 
lar fibre, and a considerable expense of muscular power Is saved. 
In the instance given of the tendon of the fore-arm a pro- 
vision is made for symmetry. The graceful outline of the leg 
and ankle is produced in a similar manner, the volume of the 
limb being diminished at the lower part by the substitution of 
tendon for muscular substance. Upon other occasions the same 
object is attained by a different contrivance. The leg, to 
pursue the last illustration, would certainly lose its symmetry, 
if it had a calf on the fore part; or in other words if the 
muscles, which bend the ankle joint, formed a short thick mass 
of flesh below the knee, with tendons tapering to the instep. 
Instead of this arrangement, the short fibres, which belong to 
the extensors of the toes, rise from the whole length of the 
tibia and fibula; and each muscle has a long tendon beginning 
at its upper part, to which its fibres are inserted in succession, 
so as to produce a resemblance to the feathered part and stem 
of a quill: muscles of this appearance are hence termed pen- 
nated muscles. The advantage which they present is the sub- 
stitution of strength that may be wanted, for extent of motion 

that is not wanted. 
J. 2. 3. 4. 
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Figures 1 and 2 represent two muscles of similar bulk : 
fig. 1, a muscle with longitudinal fasciculi; fig. 2, a pennated 
muscle. It is evident that though the fibres in fig. 2 are 
shorter, yet that they are much more numerous than in fig. |: 
fir. 2 represents therefore a much stronger muscle, but one of 
less extent of contraction than fig. 1. 

Sometimes it happens that the symmetry of a limb 1s best 
consulted by interposing the muscular substance between two 
tendons: the rectus femoris thus has a long tendinous origin 
as well as a tendinous insertion. In this and similar cases a 
second advantage is gained: a tendinous attachment occupies 
a much smaller surface of bone than a muscular attachment. 

The attachment of a muscle to bone is fleshy instead of ten- 
dinous, when it is requisite that different fasciculi of the same 
muscle should draw in different directions, as in the instance 
of the gluteus medius and gluteus minimus, or when the 
muscle through this means obtains a more convenient form, as 
is the case with the obturator internus. 

In the rectus femoris, the semi-membranosus, aud other mus- 
cles, in which a mass of muscular substance is interposed be- 
tween two tendons, each tendon forms near its attachment a 
strong thick cord, but spreads out, and terminates as a mem- 
brane towards the belly of the muscle. It is to be remarked, 
that in these instances the two membranous expansions are 
formed upon opposite sides of the muscle : if, for instance, the 
upper membraniform tendon is in front, the lower is situated 
behind the muscle. The end attained by this arrangement is very 
apparent: it provides for the equal length, and consequently 
for the equal action of all the fibres. Figs. 3 and 4, of the 
preceding diagram, exemplify this point. Fig. 3 represents an 
imaginary muscle with two membraniform tendons on the same 
side, which renders the fibres of unequal length: fig. 2 repre- 
sents the tendons on opposite sides, by which the interven- 
ing fibres are kept of equal length. Fig. 5 is a diagram of the 
gastrocnemius, in which the same principle is exemplified. 

In the majority of instances the direction of muscles is pa- 
rallel, or at least not vertical to, the axis of the bone which they 
move; so that their action is for the most part oblique. It is 
obvious that this application of force is attended with a consi- 
derable loss of power: —an advantage however of another kind 
is gained by it. A muscle thus disposed is capable of moving 
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the point of its insertion through ‘a large space, while the extent, 
to which it shortens, is very trifling. The action of the supi- 
nator radii longus may serve to illustrate this position: but the 
action of the intercostals is more obvious, and is the instance 
more commonly selected. 

The muscles of the trunk and limbs are distributed in a double 
series, the one as antagonists to the other: nevertheless those, 
which on one occasion are directly opposed to each other, on 
another may act in concert. Thus the use of the pectoralis 
major is to carry the arm forwards, that of the latissimus dorsi, 
to carry it backwards: but both may concur in simply depress- 
ing the arm. 

The problem solved in the direction and place assigned to 
different muscles is probably, in what manner they should be 
disposed, in order that they may individually combine in the 
greatest variety of actions, and that one type may serve for the 
frame of numerous families of animals with habits essentially 
different. It is a remark not without the profoundest interest, 
that in many instances parts serviceable in one animal are 
found to exist in others where they are evidently useless, —if 
indeed that provision is useless, which stamps the strongest 
evidence of an uniformity of design in the various families of 
animals, by leaving vestiges of organs in one race, which only 
find their physical importance and development in other 
beings. 

The plantaris is a part of this description. In simie this 
‘muscle is expanded into the plantar fascia, and gives tension to 
that membrane, with the object of protecting the plantar vessels 
and nerves, when the prehensile foot of the animal grasps any 
hard substance. In man the foot is not prehensile, and the 
plantaris is not wanted: it exists, however, as a vestige, but 
goes no further than the heel bone. 

_ As it might be expected, various theorems in mechanics find 
an illustration in the common frame of the bones and muscles. 
In every movement of the body a lever of one kind or another 
is set in motion. 

. A lever is supposed to be an inflexible line, which is moved 
upon qa point termed its fulcrum, that is placed either at one 
extremity or intermediately, by a force applied at a different 
part, s0 as to overcome a resistance which operates upon a third 
-point ofthe lever. . Three sorts of levers are formed by varying 
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the relative place of the fulcrum, the power, and the resistance. 
In the first, the fulcrum is intermediate, in the second the re- 
sistance, in the third the power. 

The mechanical advantage of a lever is easily estimated ; the 
power or the resistance has the advantage in proportion to its 
relative distance from the fulcrum, or in proportion as the length 
of the arm on which the one operates exceeds the length of the 
arm on which the other operates. An equilibrium is produced, 
when the force and resistance, and the distance of each from 
the fulcrum, are equal. 

On the other hand, in proportion as power is sacrificed, velo- 
city is gained. Whenever the resistance operates upon the longer 
arm, the weight lifted traverses in the same time a greater space 
than the point at which the force is applied. Now rapidity 
appears to be a more important object to be attained in the 
movements of the animal frame than mechanical force: accord- 
ingly in most instances the third kind of lever is employed, 
which essentially involves a greater distance between the resist- 
ance and the fulcrum, than between the power and the fulcrum. 
To such an extent is this principle carried, that in order to 
balance a weight of one pound in the hand, the biceps flexor 
cubiti, if it were possible to suppose it acting alone, must exert 
a force equal to ten pounds. 

On many occasions velocity again is obtained by the simul- 
taneous extension of several joints, which move in concert to 
one object. Thus when a straight blow 1s struck, the hand 
moves forward with greater velocity than is communicable by: 
a single set of muscles ; at one and the same instant the hume- 
rus is raised, the fore-arm depressed [the fist, impelled by two 
forces, moving in the diagonal], the scapula advanced, the 
body rotated. 

The only instance, in which the second kind of lever is em- 
ployed in the human frame, and velocity sacrificed to mecha- 
nical power, is to be found in the foot :—the tendo Achillis is 
attached to one extremity of the lever, upon an intermediate 
point of which the weight of the body rests when in stepping 
forward we rise upon the ball of the great toe. - 

The strength of muscular fibre is unknown: but it is sup- 
posed, that a muscle, the transverge section of which would 
present a surface an inch square, might exert a force equal to 
five hundred pounds. It seems likely that there may be an 
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original difference in the quality of muscles; and that some 
of greater volume are essentially weaker than others less in bulk 
but of more rigid fibre. Much, however, depends upon the 
energy with which the will operates. During frenzy, a slight 
and slender frame is often found capable of going far beyond 
the most powerful efforts of the strongest man when acting 
under less excitement. 

The continued action of a voluntary muscle must metaphysi- 
cally depend upon successive impulses of the will repeated at 
infinitely short intervals: and a curious observation of Dr. Wol- 
laston’s makes it appear, that in a continued muscular effort, 
the renewal of the muscular contractions may be even appre- 
ciable by the senses *. 


SECTION Ill. 
Of the Attitudes and Movements of Man. 


The body stands, when erect, on the same principle as a 
modelled image of similar weight: its position is secure, as 
long as a perpendicular drawn from its centre of gravity would 
fall within its base. The muscles support the frame erect, by 
keeping the joints rigid in any attitude which may be assumed 
involving the preceding condition. The securest posture that 
could be given to a model, weighted like the human body, would 
be the securest for the human body. What renders the atti- 
tude of standing practically so firm in a living person, is the 
power we have of anticipating on what side it will be necessary 
to make resistance, and of increasing the length of the base 
on which we rest, in the direction in which violence is 
threatened. 

If a person while standing erect be suddenly killed, he drops 
prone on the ground: the body falls forwards, because the 
greater part of its weight is placed before the column of sup- 
port, which, in the supposed case, suddenly gives way at every 
part where there is a joint. The tendency of the body to fall 
forward seems provided against accidents of a less grave cha- 
racter to which we are oecasionally liable: we thus fall, when 


* Phil. Trans, vol. c, p. 5. 
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we lose our balance, against objects which we see, and towards 
which our hands and arms are readily advanced to break our 
fall. 

Of Walking.—A description of walking is the description of 
@ succession of steps. The following analysis of the process 
is borrowed from Magendie’s Physiology. 

Suppose a man standing, his two feet placed together, and 
beginning to walk upon a horizontal plane, with a step of an 
ordinary quickness and length, he must bend one of the thighs 
upon the pelvis, and the leg upon the thigh, in order, by the 
shortening of the limb, to detach the foot from the ground. The 
flexion of the hip joint causes the movement of the whole limb 
forwards: the limb next rests itself on the ground ; the heel 
touches first, and then in succession the whole lower surface of 
the foot. Whilst this motion is being performed, the pelvis 
suffers a horizontal, rotatory motion, upon the top of the thigh 
of the limb that remains at rest. The result of this rotatory 
motion upon the head of the thigh bone is, lst, to carry forward 
the whole of the limb detached from the ground; 2d, to carry 
forward also the side of the body corresponding to the moving 
limb, whilst the side corresponding to the immoveable limb 
remains behind. 

These two effects are scarcely perceivable in short steps; 
they are strongly marked in ordinary steps, but still more so in 
those that are long: there 1s not yet any progression, the base 
of support only is modified. To finish the step, the limb that 
remained behind must advance, place itself on the same line, or 
pass that which went before. For this purpose the foot which 
is behind is detached from the ground, successively from the 
heel to the toe by a motion of rotation, the centre of which is in 
the articulation of the metatarsal bones with the phalanges, so 
that, at the end of this motion, the foot touches the ground 
only by these latter. From this motion arises an elongation of 
the limb, the effect of which is to carry forward the corre- 
sponding side of the trunk, and to determine the rotation of the 
pelvis upon the head of the thigh of the limb that was first 
moved. This motion once produced, the limb bends, the knee 
is carried forward, the foot detached from the ground; the 
whole limb then performs the same motions that were per- 
formed by that of the opposite side. 

By the succession of these motions of the inferior limbs and 
of the trunk, walking is produced, in which we see that the 
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heads of the thighs are by turns the fixed points upon which 
the pelvis turns as upon a pivot, in describing arcs of a circle so 
much larger in proportion as the steps are long. 

In order that walking may be in a right line, the radu o 
the circle described by the pelvis, and the extension of the 
menibers when carried forward, must (on each side) be equal : 
without this condition the body will deviate from a right line, 
and be carried from the side opposite to the limb whose motions 
are of the greatest extent ; as it is difficult to make the two 
limbs perform successively motions of the same extent, we 
always tend to deviate from a right line, and would really so 
deviate, unless we were enabled to correct the error by the eye. 
We may be easily convinced of this in walking some time with 
our eyes shut. 

Of Leaping.—In this sort of motion the body becomes a pro- 
jectile, and follows the laws of projectiles. 

Leaping may take place directly upward, forward, backward, 
or laterally, &c.; these different cases have their principal phe- 
nomena in common. Every species of leaping requires a pre- 
vious flexion of one or many articulations of the trunk and 
inferior extremities ; the sudden extension of the bent articula- 
tions is the immediate cause of the propulsion of the frame from 
the ground. 

Let us suppose vertical leaping performed in the ordinary 
manner: the head is a little bent upon the neck; the vertebral 
column is bent forwards ; the pelvis is bent upon the thigh, the 
thigh upon the leg, and the leg upon the foot; in general the 
heel presses very lightly on the ground, or quits it entirely. 

To this general state of flexion succeeds a rapid extension 
of all the articulations before bent ; the different parts of the 
body are rapidly raised with a force which surpasses their 
weight by a quantity which is variable: thus the head and the 
thorax are thrown upwards by the extension and stretching of 
the vertebral column ; the whole of the trunk is projected in the 
same manner by the extension of the pelvis upon the thighs ; 
the thighs by rising rapidly act in the same manner upon the 
pelvis ; the legs push the thighs in their turn. From all those 
united powers there results such a force of projection, that the 
whole body is thrown upwards, and rises in proportion as the 
power is greater than the weight : it then returns to the ground, 
presenting the same pnepomeee as any other body which falls 
by its weight. 
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In the general spring which produces leaping, the muscular 
action has not everywhere the same intensity: it ought evi- 
dently to be greater in that part where the weight is most 
considerable: on this account the muscles that determine the 
motion of extension of the leg upon the foot are those that have 
the greatest energy, since they must raise the whole weight of 
the body.. 

These muscles present also the most favourable disposition ; 
they are very strong, and they are inserted in a direction per- 
pendicular to the lever which they move, the heel bone, and 
they act upon an arm of the lever of considerable length. 

We must remark, that the vertical leap does not result from 
any direct impulse, but from one which is made up of the 
opposite impulses of the body and the inferior extremities, at 
the moment of leaping. In fact, the recovering of the head, of 
the vertebral column, and the pelvis, carries the trunk as much 
backwards as upwards; on the contrary, the extension of the 
thighs upon the tibia brings the trunk as much forwards as 
upwards. The contrary takes place in the motion of the leg, 
which tends to direct the trunk upwards and backwards: when 
the leap is vertical, the efforts which throw the body forward or 
backward neutralize each other; the effort upwards is the only 
one which takes effect. 

If the leap 1s forward, the extension of the thigh upon the 
tibia predominates over-the impulsion backwards, and the body 
is transported in the corresponding direction: if the leap is 
backward, the motion of extension of the vertebral column, 
and of the tibia upon the foot, is the greatest. 

Length of bone in the inferior extremities is very favourable 
to leaping. The leap forward, by which we pass a greater 
space than in any other mode of leaping, is indebted for this 
advantage to the length of the thigh. 

Sometimes we run a greater or less distance before leaping ; 
we then a 9, spring, a8 it is called. The impulsion which the 
body acquirés by this preliminary motion, materially adds to 
the force and extent of the leap. ° 

The arms are not passive in jumping ; they approach the body 
at the instant in which the articulations are bent; they sepa- 
rate from it, on the contrary, the instant the body quits the 
ground. The resistance which they present to the muscles that 
raise them, enables these muscles to exert a power upon the 
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trunk in drawing it upward, which contributes to the pro- 
duction of the leap. The arms are useful in this respect in 
proportion as they present a certain resistance to the muscles 
by which they are raised. The ancients had made this remark ; 
they carried in their hands weights when they wished to exer- 
cise themselves in leaping. By previously balancing the arms 
we may also favour the production of the horizontal leap, in 
giving an impulsion forward or backward to the upper part of 
the trunk. 

One of the lower limbs is sufficient to originate a leap, as 
when we hop; but it is easily understood that such a leap is 
necessarily of less extent than when both feet are employed. 
Sometimes we leap with the two feet joined, and parallel to 
each other ; sometimes one of the feet is carricd forward during 
the projection of the body: this foot then receives the weight 
of the body the instant it touches the ground. 

No species of impulsion can be given to the body, at the 
instant of its rising, by the plane upon which it rests, unless 
this plane is very elastic, and joins its re-action to the effort 
of the muscles which determine the projectile motion of the 
body. 

In general the ground gives no assistance to the leap, except 
by resisting the pressure of the foot. Every one knows that it 
is impossible to leap when the ground 1s soft, and gives way 
under the feet. 

Of Running.—Running results from the combination of the 
step and leap; or rather if consists of a succession of leaps per- 
formed alternately by one limb, whilst the other is carried 
forward or backward, to be placed upon the ground, and pro- 
duce the leap, as soon as the first has had time to be carried 
forward or backward, according as the running may take place 
in the one or the other direction. We can run with more or 
less rapidity ; ; but in running there is always an instant in which 
the body is suspended in the air, by the impulse which is given 
to it by the limb which remains behind, if we run forward. 

Running is distinguished by this character from rapid walk- 
ing, in which the foot carried forward always touches the ground 
before that which is behind leaves it. 

Of Swimming.—Thé+ human body is of a greater specific 
weight than water, consequently when placed in the midst of 
mass of that liquid, it will tend to sink to the bottem; thi: 
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motion will be so much more easy as the surface it presents 
to the water is less. If, for example, the body is placed ver- 
tically, the feet below and the head above, it will go much 
quicker to the bottom than if it were placed horizontally on 
the surface of the liquid. Some individuals, however, have 
the faculty of rendering themselves specifically lighter than 
water, and therefore they remain on the surface without any 
effort. Their art consists in draW¥ing a great quantity of air 
into the chest, the lightness of which counterbalances the ten- 
dency which the body has to sink in water. 

Swimmers do not follow this method to support themselves 
upon the surface of the water; they are supported by the 
motions which their limbs perform; or the motions of the 
swimmer are intended either to support his body on the water, 
or to determine its progression. In either case the swimmer 
must so act upon the water that it may present a resistance 
sufficient to support his body: with this intention, it is ncces- 
sary only to strike it quicker than it can escape, and to carry 
the action of the hands or the feet rapidly over a great many 
different points, because the resistance is in proportion to the 
mass of water that is displaced. 


- SECTION UV. 
Of Physiognomical Expression. 


The whole frame has its physiognomy, and manifests by its 
bearing what is passing within. There are two principles upon 
which the bodily gestures declare the nature of the present 
mental emotion, and of the habitual train of thought or feeling. 
One of these is, that all mental affections dispose us to corres- 
ponding attitudes. It is true, indeed, that the most violent 
alone lead to any very decisive gesticulation; but all are 
naturally accompanied with a consistent and (as it would be 
termed on the stage) an appropriate action. The other results 
from the influence of habit on our museular frame. Towards 
actions that are frequently indulged in, the muscles acquire a 
bias; so that, without reflection or design, we are disposed to 
fall into those gestures that our employments have rendered 
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habitual. The mechanic does not lay aside his wonted move- 
ments with his working dress; they recur when he would for- 
get his trade, and betray his customary occupations. 

If this is true of the general action of the frame, it is still 
more strikingly so when applied to the muscles of the face. 
Both the principles of physiognomical expression referred to 
equally find their application here. The passing feeling intel- 
ligibly lights up or clouds the countenance; the habitual 
current of thought stamps it with permanent expression. The 
joy or sorrow of a child no one can misconstrue. The concen- 
trated and patient thought on the brow of Newton ‘who can 
misinterpret? The difficulty which exists of reading men’s 
thoughts in their countenances arises from their practised art 
to disguise what is passing in the mind. 

But how do we read the thoughts of others in their features, 
or how interpret their expression of countenance, whether the 
true or a false one? I believe that the knowledge does not 
come directly to us, except in as far as it may have been pre- 
viously acquired by experience ; as a child only knows what 
is meant by a gesture of reproof, after it is associated in its 
mind with punishment. I conceive it to be indirectly through 
the imitative principle that we learn what is passing in other 
men’s minds. There is an instinctive disposition in us to 
assume the character of the features on which we look; and 
whether we yield to the impulse or not, the transient approach 
to doing so awakes in us the mental state, with which that 
expression is associated in the mind of the person whom we 
look at. We attribute such thoughts to others, because the 
expression into which our countenance is disposed to fall, on 
looking into theirs, excites such a train of feeling in us. 

There are various ways in which a physiognomist is liable to 
be misled. In some persons the features have a cast and bent 
towards a particular expression, without any corresponding 
character in the mind. If the muscles had so inclined the 
features, the physiognomical conclusion would have been 
right: as it is, in the case supposed, the shape of the features is 
an accident. The profoundest dissimulators probably have a 
pliancy of mind, which enables them perfectly to assume the 
character or the views, of their possessing which at.the time 
they would persuade others. Every one, again, though he may 
obtain by physiognomy a knowledge of the present cast of 
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mind or feeling of the person he is watching, is liable to be 
misled by his own character, by his knowledge of what would be 
required to excite himself to such a mood, and to calculate 
more or less wide of the mark the various accidents of health, 
high or low spirits, or other circumstances, in determining the 
degree and even the kind of sentiment displayed. 

The quantity of expression in any feature is determined by 
the variety of its motion: the variety of its motion, by the 
number of muscles attached to it. The eye and eyelids on the 
one hang, and the mouth on the other, have the greatest num- 
ber of muscles, and the greatest range of expression. Of the 
two features, it is difficult to say which has most character. 
The eye, perhaps, displays more of temperament and humour, 
the mouth of reflection and thought. 

There are some curious remarks by Dr. Wollaston, in a paper 
in the Philosophical Transactions, on the mode by which we 
judge of the direction of the eyes of others. Dr. Wollaston 
supposes, that our notion that a person is looking at us, depends 
not upon his eyes, but upon the general disposition of the other 
features. He adduces a drawing by Sir Thomas Lawrence, of 
the eyes and eyebrows, to which different features are adjusted 
in different figures, and certainly each head appears to look a 
different way with the same eyes. Upon examining these 
figures, however, the reader will, I think, agree with me that 
the deception arises from their being out of drawing. The 
following observations will, I think, be found to contain the 
essence of this question. 

1. We judge by immediate observation of the direction of 
the visual axis of one eye in a living person, or in a portrait. 
This is the more easily determined in the case of the human 
eye, through the circularity of the pupil, the concentric circles 
of the iris, and the extent of the white area in which these 
concentric circles are set. This distinctness of direction, so 
characteristic of the eye of man, may be one of the causes why 
the human eye has such power over animals. 

2. We judge of the direction of the other eye by the same 
process by which we judge of the direction of the first, in 
looking either at a drawing, or at a living person. If the 
second corresponds with the first, it of course strengthens the 
impression received as to the direction of the first. 

3. Whichever way the features are turned, if their direction 
is not incongruous with that of the eyes [and, except in 
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squinting or convulsions, in a living head it cannot be so], the 
correspondent action and expression of the face corroborate the 
impression derived from the direction of the visual axes. 

4, If, as I believe to be the case in Dr. Wollaston’s figures, 
the other features are actually incongruous with the direction 
of the eyes, if the eyes, and eyebrows, and eyelids, are drawn 
with one inclination, and the forehead and nose with another, 
then we are puzzled ; and the same eyes which would look one 
way in a drawing, all parts of which should be: correctly 
designed, seem to look a different way in the incorrect drawing. 
The eyes belong, in such a case, to a face looking one way, and 
the face belongs to eyes that would be looking another way ; 
and our conclusions are puzzled — something as when we cross 
the fingers, and feel a single object double. 

5. Finally, if we make a drawing of a head without eyes, and 
then put in one eye accordant with the rest of the features and 
turned towards the spectator, the unfinished portrait looks 
truly at us. If the other eye is then drawn, but as if turned 
away, or squinting, the picture ceases to appear to look at us. 
If, however, we cover the squinting eye, the picture again seems 
to look at us. Of course there is exactly the same difficulty in 
telling which way a living person who squints is looking, unless 
he covers the eye that is directed obliquely. We can tell [as in 
Dr. Wollaston’s figures] which way one incongruous part is 
looking, and which way the other, when we observe them 
singly. When we look at both at once, we are puzzled, by 
striving to reconcile things that are irreconcilable, trying to 
make out to what common point features are turned, that are 
really turned different ways ; and in this perplexity we lose for 
the time the true direction of both. 


SECTION V. 
Of the Mechanism of Breathing. 


The thorax of a skeleton is a hollow conoid, broad below, 
narrow above, where it is obliquely truncated: its axis is 
inclined obliquely upwards and backwards: it 1s composed of 
the dorsal vertebree, the ribs, and sternum. The twelve dorsal 
vertebree form a column so bent as to be concave forwards, and 
which, in reference to changes of figure in the chest, may be 
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considered as fixed. The twenty-four ribs are individually 
moveable upon the spine in every direction, but to a degree 
extremely limited. The seven uppermost on either side, or the 
true ribs, are let in by slips of cartilage into oval fossule along 
the side of the sternum, which they support. The five lower, 
or the false ribs, are attached each to that above. The ribs and 
sternum are slight and fragile bones. In composition they 
derive strength from their external convexity, and from their 
numerous and yielding joints. 

An imaginary plane carried through the first dorsal vertebra, 
through both articular extremities of the first rib of either side, 
and through the upper part of the sternum, would slant obliquely 
downwards and forwards. By a movement of each first rib 
upon its spinal joint sufficient to raise the upper margin of the 
sternum to the height of the first dorsal vertebra, the imaginary 
plane would become horizontal. In man this motion of the first 
rib is very limited ; but it is obvious, that in proportion as it 
takes place, the vertical distance of the sternum from the spine, 
or the depth of the chest, becomes increased. The six lower 
true ribs admitting of the same kind of motion upon their 
vertebral joints, contribute to raise and carry forward the middle 
and lower part of the sternum for the same purpose. 

By this provision all the muscles of the trunk, the lower 
attachment of which is to the ribs, are rendered capable of 
increasing the depth of the chest, or its diameter from before 
backwards ; and the opposite class of muscles, of diminishing 
the area of the chest in the same dimension. 

All the ribs, but the first, admit of a limited degrec of rota- 
tion upon their vertebral and sternal joints. Nature marks, 
even in the foetal state, the limited degree of motion, which the 
first rib is intended to enjoy, by forming its cartilage of one 
piece with the sternum, to which the cartilages of the suc- 
ceeding ribs are already articulated by moveable joints; and 
by disposing all its parts in one plane. If an oblique plane 
were imagined to pass through the four joints of any pair of 
ribs between the second and tenth inclusively, great part of the 
shafts and cartilages of the pair of ribs would fall below it. If 
the intermediate part of these ribs is raised towards the ima- 
ginary plane, by the rotation of each upon its sternal and 
vertebral joints, it is obvious that the transverse diameter or 
breadth of the chest becomes increased. 
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By this provision the same muscles which contribute to en- 
large the depth of the thorax are rendered capable of adding 
to its breadth, and the same which diminish its area in the first 
dimension, are fitted to diminish it in the second. 

The muscles which raise the ribs, are the serratus magnus, 
pectoralis major, pectoralis minor, and subclavius; the levatores 
costarum, the scaleni, and serratus posticus superior. 

The muscles which depress the ribs are the external and in- 
ternal oblique, the transversus, the rectus, and pyramidalis; the 
triangularis sterni, the quadratus lumborum, the longissimus 
dorsi, sacro-lumbalis, and serratus posticus inferior. + 

The chest is closed above by a fascia or layer of condensed 
cellular membrane, which extends across from the spine to the 
sternum, and from the first rib of one side to the opposite, and 
is perforated by the windpipe, by the esophagus, by nerves, 
and by the great vessels. The intervals between the ribs are 
closed by the oblique fibres of the intercostal muscles, which 
in their action draw towards each other adjoining ribs, and are 
capable of contributing either to the enlargement or to the di- 
minution of the area of the thorax. 

The floor of the chest is formed by the diaphragm, or mus- 
cular partition, which separates it from the abdomen. 

The diaphragm consists of three parts, 1. Ofa central thin 
tendon of the shape of a trefoil leaf, of greater breadth than 
depth, which, although in a degree concave downwards, yet 
may be regarded as spread out horizontally at the level of the 
ninth dorsal vertebra, or of the lowest part of the fifth rib. 
3. Of muscular fibres derived from the anterior and lateral 
margins of the central tendon, which slope downwards to be 
inserted into the ensiform cartilage and into the inner and lower 
part of the seven lowest nibs, and are called the greater muscle 
of the diaphragm. 3. Of other muscular fibres which descend 
from the posterior edge of the centrum tendinosum to the lum- 
bar vertebree, and are called the lesser muscle. The diaphragm 
gives height by its action to the cavity of the chest. In an 
ordinary inspiration, the lateral parts, or the greater muscle, 
alone sensibly descend. 

Except during the deepest inspiration, the lungs do not 
reach lower than the sixth rib in front, and the eleventh dorsal 
vertebra behind ; nor intermediately lower than the oblique line, 
which unites the points -indicated. Below this level, to the 
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distance of an inch and a half’ from the margin of the chest, 
the diaphragm lies in contact with the ribs, or rather the pleura 
diaphragmatica with the pleura costalis. The diaphragm gives 
passage to different vessels and nerves; and it is remarkable, 
that while the oesophagus, the aorta, and thoracic duct pass 
through muscular apertures, the pressure of which they are 
calculated to resist or to profit by, the great ascending venous 
trunk passes through an opening in the central tendon, with 
the margin of which its substance is interwoven, so that the 
vein is perpetually held open by the tonic force of the greater 
and lesser muscle. 

The abdominal muscles are the antagonists of the diaphragm, 
which upon becoming relaxed admits of being raised through 
the pressure of the abdominal muscles upon the bowels. 


SECTION VI. 


Of the Mechanism of Speech. 


It has been already mentioned, that the physical cause of 
continued sound is a succession of impulses upon the auditory 
nerve. These impulses originate at greater or less distances 
from the organ of hearing, and are conveyed to it by the un- 
dulations of elastic media. Their origin again may be either 
repeated single beats, as when a stream of air is forced through 
apertures which are alternately opened and closed; or con- 
secutive vibrations excited in an elastic substance by a single 
disturbance. 

The simplest example of the first mode of producing con- 
tinued sound is shown in an instrument invented by Cagniard 
de la Tour, called the Ayre: The subjoined figure represents 
this instrument. ; 
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It is supposed, that air [or water, if the instrument is placed 
under water] is impelled into a tube A, so as to keep a reser- 
voir full, from which the fluid may issue by the holes in its 
surface B. Now if the disc C, having holes exactly corre- 
sponding to those in B, be pressed against B, and be made to 
revolve upon an axis D, it is evident that the holes in B will 
be alternately opened and shut. Each time that they are 
opened, there will be a jet of fluid which will strike the medium 
without audibly. By the velocity with which C is made to 
revolve, the frequency of the recurrence of these impulses may 
be regulated ;—the frequency necessary to produce a continued 
sound may thus be ascertained, as well as the number of im- 
pulses by which a definite pitch is produced. The instrument 
is therefore a perfect tonometer. 

The vibration of a harp-string presents an instance of the 
second mode adverted to of producing continued sound. If a 
tense chord, AC, be drawn to ABC, and let go, it returns 
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to AC, and through the motion it has acquired is carried to 
ADC. It is then brought back by its elasticity towards A BC, 
then returns towards A DC, and continues to vibrate, its ex- 
cursions becoming at each vibration less in extent. Each ex- 
cursion gives an impulse to the air, and the number of excur- 
sions in a given time determines the pitch of the sound. 

The action of the bow of a violin upon the string may 
equally be illustrated by the preceding diagram; but, in this 
case, it is the action of the hairs of the bow that carries to B 
the string, which then escapes, and flies back to D. The 
continued pressure of the bow has the effect of sustaining the 
sound at a given loudness, or even of raising tt, which else 
would die away. with the diminishing excursions of the string. 

Suppose the string to be moved by the wind, as in the 
ZEvlian harp, ita vibrations so produced may assist to explain 
the next instance which is to be mentioned. 

If you blow through a tube of Indian rubber, or one formed 
of the stalk of grass, a sound is produced, a8 soon as you com- 
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press its sides at a part ncar the mouth with the finger and 
thumb. The figure subjoined represents part of the effect which 





takes place. The narrowed portion of the tube through the 
pressure of the air blown into it becomes dilated (suppose to 
the dotted lines); it then closes, the sides coming together ; 
again yields, and again closes. The alternate enlargement and 
contraction of the aperture is the source of the succession of 
impulses which cause the sound which is heard. 

Or, to adduce a case that approximates still nearer to the 
action of the larynx ; with a little practice any one may produce 
tones by blowing through the closed lips. The difficulty at 
first experienced consists in giving the lips the proper degrce 
of tension ; but when this difficulty has been overcome, musical 
sounds issue with the breath, produced by the alternate reced- 
ing and approximation of the lips, in the manner shown by the 
adjoined diagram. The degree of pressure and tension of the 
lips determines the frequency with which the aperture, that the 
current of air forces, is opened and shut. 





I have heard a performer, who had such perfect command of 
the lips, that he could by their means imitate any one of a 
variety of instruments, and thus play one part of a composition 
by the lips, at the same time that with the larynx [which 
likewise in him was wonderfully flexible], he produced the 
tones belonging to another part of the music. The mechanism 
employed in this instance is different from that used in whistling, 
the nature of which will be afterwards noticed. 
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Now the whole vocal mecha- 
nism consists of the following Variable cavity. 
parts ;—-Of the lungs or bel- 


lows, capable of transmitting, Larynx. 
by means of the connecting < 
windpipe, a current of air = 
through an apparatus called = 
the larynx; the air having sub- = 


sequently to pass through a 
variable cavity, consisting of Lungs or bellows. 
the pharynx, mouth, and nose. : 

But the larynx, which is the part of the mechanism in which 
it is ascertained that the vocal sounds originate, contains parts 
which admit of being compared with the lips, and like the 
latter, may be placed in different degrees of tension, allowing 
the air to pass intermittently, with a frequency varying as the 


tension. 





The figure here introduced represents a transverse and ver- 
tical section of the cavity of the larynx: the letters [E E] 
show the position and outline of parts comparable to the lips 
in the preceding instance. They are called the vocal ligaments. 
Their alternate vibrations towards and from the dotted lines 
under the pressure of the issuing air, alternately opening and 
closing the passage, are essential to the production of those 
impulses upon which the sounds of the voice depend. 

Let me now proceed to explain by what means the vocal 
ligaments are placed in a condition to cause sound, 


Of the Structure of the Larynx. 365 


By far the most valuable account of the mechanism of the 
human larynx, which has been published, is that given by 
Mr. Willis in the Cambridge Philosophical Transactions for 
1832, from which I borrow the second figure of the two which 
follow in page 367. 

The reader’ is aware that upon the top of the windpipe, which 
is a pile of cartilaginous rings, serving to keep the passage from 
the lungs always open, a stout annulus is placed, called the 
cricoid cartilage : it is marked B in the two figures over-leaf. 

Upop the upper surface of the back part of the cricoid, are 
placed two small pyramidal cartilages, called the arytenoids: 
they are marked C, in the following figures. Their bases are 
hollowed, and they have a sliding motion in every sense upon 
and in front of the border of the cricoid, to which they are tied 
by the strong ligaments marked H. 

The thyreoid or scutiform cartilage [A], bent at its middle 
to a right angle, encloses and protects the cricoid and the 
arytenoids. It is articulated to the sides of the former by two 
processes upon which it is capable of being moved in a rotatory 
motion forwards and downwards, or backwards and upwards. 

The inferior laryngeal or vocal ligaments [F F], extend from 
the base of either arytenoid cartilage to meet at a common 
insertion in the fore part of the thyreoid. They are formed of 
fibres possessing a high degree of elasticity, but not much 
extensibility. The opening between them is called the rima 
glottidis. 

Above and parallel to the lower vocal ligaments two other 
ligaments [G] are situated, which extend from tlie anterior 
edge of the arytznoids to the junction of the two plates of the 
thyreoid : these are called the upper ligaments of the glottis. 
They contain a few threads of the same substance as the lower 
ligaments, but their general texture is more extensible, and of 
a looser fabric. The oval opening between the upper ligament 
of one side of the glottis and the lower leads into a large 
flattened triangular chamber, which is called the ventricle of 
the larynx or saccalus laryngis. 

These parts are crowned with two pairs of little cartilages, 
which are called cornua. 

The lesser horn [D]i is a small cartilage of the size of a millet 
seed or less, which is superimposed on the arytenoid, and 
joined to it by ligamentous fibres. 
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The greater horn [E] is a portion of a small cylinder of a 
loose cartilaginous structure, the lower end of which adheres to 
the posterior part of the upper ligament of the glottis; the 
upper end, which is rounded, is directed slightly backwards 
and outwards, as well as upwards. 

The epiglottis is a pyriform flap of elastic cartilage which is 
attached to the thyreoid, just above the attachments of the 
upper laryngeal ligaments. Its natural direction is vertical, and 
to this its elasticity brings it back, after it has been depressed 
to cover the entrance into the windpipe during deglutition. 

The larynx is lined with mucous membrane, continuous on 
the one hand with that of the pharynx, on the other with the 
mucous lining of the trachea. The mucous membrane at the 
summit of the larynx extends in a strong fold from either lesser 
horn to the side of the epiglottis. The two folds are called the 
lips of the glottis. The greater horns hold these folds outward 
and rather backward, having the office of keeping the opening 
between the lips of the glottis or upper orifice of the larynx 
more patulous than it else would be. 

Of the two figures in the opposite page, the uppermost 
represents the inner surface of the right half of the larynx, 
without the epiglottis or lining membrane or interior muscles. 

The second figure represents the cartilages and muscles of the 
larynx, omitting the cornua and the epiglottis, as seen after 
dissection from above. 

The muscles are designated by numbers. 

1. Represents the crico-thyreoideus. 

2. The thyreo-arytznoideus. 

3. The crico-arytenoideus posticus. 

4. The crico-arytenoideus lateralis. 

5. Half of the aryteenoideus transversus, and of the obliqui. 

The /etters in one or both of the opposite figures represent, 

A. The thyreoid cartilage. 

B. The cricoid. 

C. The arytenoid. 

D. The lesser horn. 

KE. The greater horn. 

F. The vocal or inferior laryngeal ligament. 

G. The upper laryngeal ligament. 

Page 368 contains Mr. Willis’s tabular view of the action of 
the muscles of the larynx. 
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Action of the Muscles of the Giottis. 
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From this enumeration of the muscles of the larynx and of 
their uses, it is evident that ample means exist of opening 
and closing the rima glottidis, and of increasing and dimi- 
nishing the tension of the vocal ligaments. Let us proceed 
to inquire to what extent these means are employed in ordi- 
nary vocalization. 

Mr. Willis supposes that two conditions of the larynx are 
necessary for vocalizing: one, a certain degree of tension of the 
lower ligaments of the glottis; the other, their approximation 
with their edges disposed in a special manner. 

“The most generally received opinion,” Mr. Willis observes, 
‘‘and that which appears to me to be borne out by a careful 
investigation of the structure of the larynx, is, that the current 
of air from the lungs excites these ligaments to vibration, and 
so produces the sounds of the voice. Hence they are denomi- 
nated the vocal /igaments. I shall not now proceed,” he adds, 
‘‘to a more minute examination of the precise nature of this 
vibration, and of the larynx generally, than appears to have 
been hitherto attempted. Assuming that the source of the 
notes of the voice is to be found in the vibrations of a pair of 
membranous elastic edges, between which a current of air is 
aliowed to pass, I shall endeavour to show under what condi- 
tions such elastic edges must be presented to a current of air, 
in order that it may elicit from them the required vibrations.” 

The essential condition, Mr. Willis proceeds to show by expe- 
riment, is, that the parts of the two opposed membranes near 
their edges should be rendered parallel. Comparing with the 
disposition of membranes found requisite in 
these experiments that of the vocal ligaments, 
he supposes that the latter will not speak, un- 
less a corresponding change, independent of and 
superadded to their tension, is produced in their 
relative position. The adjoined figures show 
what Mr. Willis considers the ordinary position, 
and what the vocalizing position, of the lower 
laryngeal ligaments [ee]. The former is shown 
by the continued line, the latter by the inter- 
rupted line. 

Mr. Willis adduces the following observa- 
tions in proof of his opinion, that some 
change in the relative position of the vocal 
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ligaments is necessary, independently of their tension, to make 
them sound. If the finger is placed upon the membrane which 
intervenes between the thyreoid and cricoid cartilages, their 
approximation or increased remoteness may be felt. Now their 
approximation being produced by the action of the crico- 
thyreoid muscles involves a certain tension of the vocal liga- 
ments. But it is possible by an effort to keep these carti- 
lages approximated, while something is still wanting in the 
internal arrangement of the larynx to fit it for the production 
of sound, When the thyreoid and cricoid are thus approxi- 
mated, and the ligaments are therefore in a state of tension, 
air may be impelled through the larynx, without sound neces- 
sarily following :—the ligaments have still, Mr. Willis con- 
cludes, to be placed in the vocalizing position. For an account 
of the muscular actions by which this is supposed to be ac- 
complished, I refer the reader to Mr. Willis’s original paper. 

The observation narrated certainly proves that the vocal liga- 
ments have equal tension during expiration, without or with a 
vocal sound. But it goes no further: and it leaves us free to 
conjecture, that the change which allows the ligaments not to 
vibrate in the former case, may be other than Mr. Willis sup- 
poses. I think it far from improbable, that the difference in 
the state of the lhgaments in the two cases may be this ; — for 
vocalization, the ligaments may acquire a definite tension joined 
with contact for their whole length: to allow air to pass without 
producing a laryngeal sound, the same tension being at the same 
time maintained, the ligaments may require to be drawn apart, 
and the rima glottidis to be opened at its posterior part. 

The reason which weighs with me for preferring this solution 
of the fact adduced to Mr. Willis’s is, that I cannot conceive it 
possible to place the vocal ligaments on the stretch without 
converting the outline of each of them into that assumed in the 
vocalizing position of our author. It will be evident to the 
reader, that so far from impugning Mr. Willis’s analogical ex- 
periments, 1 am adopting an hypothesis which is perfectly con- 
sistent with them. I believe that the vocal ligaments, when 
tended and.approximated, cannot be in any other position than 
that which Mr. Willis supposes to be peculiar to the time of 
vocalizing. I suppose, that, for the production of laryngeal 
sounds and for closing the glottis, there is one common position 
of the vocal ligaments, that position being contact for the 
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whole length of their internal aspect, accompanied with tension; 
the difference between the states of the parts in vocalizing and 
in closure of the glottis being the same as between the states of 
the lips when rendered tense to form musical sounds in the 
manner before described, and when compressed so as to oppose 
the escape of air during action of the respiratory muscles. To 
shut either the lips or the larynx, or to convert the vocalizing 
position of either into one of entire closure, additional lateral 
pressure, or pressure acting transversely to their linear aperture, 
must be put on. 

The grounds upon which I think the preceding modification 
of Mr. Willis’s hypothesis maintainable are the following. 

A patient was under my care, in the Middlesex Hospital, 
whe lived many weeks after having cut into the pharynx in an 
attempt to destroy himself. The wound was horizontal, and 
passed backwards over the upper border of the thyreoid carti- 
lage, severing the epiglottis near its attachment to the latter. 
There was a period during the progress of this case when the 
patient was collected and cheerful, and anticipated his reco- 
very. I took advantage of the opportunity, to observe the 
motions of the parts of the larynx which were exposed. They 
presented, under different circumstances, the appearances shown 
in the following figures. 

] 9 
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The line, which forms the upper boundary of these figures, 
represents the front of the upper and posterior part of the glot- 
tis, as it was seen upon looking from above into the wound. 
When the patient breathed naturally, the parts had the dispo- 
sition shown in figure 1. At first I thought, when observing 
these phenomena, that the two prominences marked F were the 
arytenoid cartilages; but, upon more careful examination, I 
found that they were the cartilages which I have figured as the 
greater horns of the larynx in a former diagram in this section. 
They had before been very imperfectly described under the 
name of sesamoid bodies. “ 

When the patient, at my request, closed the glottis, making 
an effort of straining, the parts chme into the position given in 
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figure 2. The greater horns were now approximated, and the 
line of contact of the arytenoids was besides distinctly dis- 
cernible. 

The patient was then desired to utter a sound. On his doing 
so, no further visible change took place in the position of the 
parts. These observations I repeated many days in succession. 
The position of the parts during vocalizing was precisely the 
same as during the closure of the glottis. When the patient 
alternated these actions, passing directly from the one to the 
other, no visible change in the location of the parts took place. 

But the parts seen in these observations were so near to and 
so connected with the vocal ligaments, as to render any change 
in the disposition of the latter impossible without a visible 
change in the disposition of the former. As therefore no change 
was seen in the parts exposed, when the transition was made 
from closure to vocalizing and the reverse, it may be presumed 
that none took place in the collocation of the ligaments. It is 
only necessary further to remark, that the lower or vocal liga- 
ments must have been in contact during the closure of the la- 
rynx, otherwise there would have been no impediment to the 
breath: for there was nothing m the appearance of the parts to 
show that the upper ligaments were brought into contact. The 
vocal ligaments must therefore have been in [intermitting] con- 
tact during vocalization. 

If we are now acquainted with the principal elements in the 
production of sound in the larynx, much neverthelees remains 
to be explained, which can only be satisfactorily elucidated 
through new series of physical experiments. The uses of the 
sacculi, of the upper hgaments of the glottis, and of the epi- 
glottis, are subjects of this nature. 

The theory of Savart converted the ventricles of the larynx 
into a bird-call. He supposed, that the two pairs of ligaments, 
with the intermediate chamber of the ventricles, forin an appa- 
ratus analogous to that instrument. It is thus that the lips 
are made to whistle,—by combining them with a chamber. 
In whistling, we form a bird-call at the mouth, of which one 
aperture is that at the lips: . the other is made by the ap- 
proximation of the tip of the tongue to the palate, and the 
chamber is the space between. The shrillness of sound which 
naturally results from:suclt dit | itistrument, Savart experimentally 
showed would ‘be obviated “by ‘the walls of the cavity being 
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moist and relaxed. Nor can it be doubted, that the ventricles 
of the larynx with the upper ligaments must play an important 
part in vocalization. What they contribute, however, and how 
their effects combine with those of the vocal ligaments, may be 
considered as at present unknown. 

There is another part in the vocal apparatus, the influence 
of which requires to be estimated: this is the trachea. Mr. 
Wheatstone proposes the following theory of its influence. 

Such a vibrating apparatus as the ligaments of the glottis 
have been shown to compose, is by itself capable, from the 
varying tension of those ligaments, of producing all those sounds 
of which we find the voice to be capable. But the inter- 
vention of a tube between the lungs and the larynx, must 
necessarily exercise an important influence on the voice, though 
it has never yet been taken into consideration. For, if we 
unite such an apparatus, or a free reed, which may serve as a 
substitute for it, with a tube (supposing it for the moment fixed 
to a determinate degree of pitch), it is found, that, unless the 
colunin of air in the tube is of such a length as to be separately 
capable of producing the same number of vibrations, the sound 
cannot be obtained in its greatest force and purity, and that 
when the tube is half this length, the discordance between the 
tube and the reed is so great, as to prevent the production of 
the sound: between these limits, the sound is intermediate in 
intensity and quality. This influence of the tube is by experi- 
ment found to be the same, whether the tube is placed after 
the reed, as in several wind instruments, or before it, as in the 
vocal organ. We will now suppose the tube to be unalterable 
in its length, and the reed necessarily to undergo all its vary- 
ing modifications of pitch: the sounds, instead of being of 
even quality, will be irregular in intensity, and require different 
degrees of effort to produce them; while, in some parts of the 
scale, they will be totally extinguished. All this may be 
prevented, and the utmost regularity obtained, by shortening 
the tube, in proportion as the vibrations of the reed increase in 
frequency. The trachea is obviously incapable of changing 
its length within limits sufficiently considerable to serve this 
purpose: but Savart’s experiments have shown, that a tube 
of constant length may be made to. produce a great range of 
sounds, by making it of elastic. aitles wusceptible of variable ten- 
sion. The analogy between such a tube aid the trachea is perfect. 
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One source of giving increased tension to the windpipe ts 
the action of the transverse muscular fibres which bind the 
ends of its cartilages together. A second is the elevation of 
the larynx, which accompanies to so remarkable an extent the 
elevation of the pitch of the voice. 

Another relation of a tube or chamber to a free reed, or 
other generator of sound connected with it, has been illustrated 
by Mr. Wheatstone, and applied by him to the explanation of 
a very remarkable vocal phenomenon recently exhibited. 

This relation Mr. Wheatstone determined, in accounting for 
the sounds produced in playing on the Jews’-harp. In this 
performance, two sounds are heard; one, a bass sound, or 
drone, which goes on without changing; the other, a succes- 
sion of higher notes, which are varied at the pleasure of the 
performer. The means which he employs are altering the form 
and size of the cavity of the mouth. Every volume of air, like 
every string, when made to vibrate, yields a definite note, or 
vibrates with a definite frequency. Now if toa vibrating reed 
a chamber is adapted containing a volume of air, which is cal- 
culated to vibrate with the same frequency as the reed, that 
volume of air will be thrown into vibration when the reed 
vibrates, and the effect of its vibration will be to reinforce the 
sound of the reed. If, however, the volume of air is calculated 
to vibrate something faster or slower than the reed, it is not 
thrown into vibration by the reed, but remains silent. But if 
it happen to be exactly ‘such as will vibrate multiples [in 
frequency] of the vibrations of the reed, then it is thrown into 
vibration by the reed, and a second note is heard, higher of course 
than the note of the reed. The art of one who plays on 
the Jews’-harp consists in so altering the cavities of the fauces 
as to present a succession of volumes of air, which are calcu- 
lated to vibrate the different multiples of the bass sound required. 

The exhibition to which I have referred was that by Mr. 
Richmond. ‘When listening to him, you seemed to hear a mu- 
sical snuff-box: but besides the melody, you heard a bass sound. 
The bass sound was laryngeal: the higher notes were multiples 
of that sound obtained on the principle just explained, by alter- 
ing the size and shape of the fauces. The performance is sus- 
ceptible of infinite compas ae the artist, if he happen to 
acquire a note that is not é snultiple of the first bass sound, is 
able at will to substitute another bass. 
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As the pitch of vocal sounds depends upon the frequency of 
the vibrations of the vocal ligaments, their loudness is deter- 
mined by the extent of the excursions which the latter make in 
vibrating. The difference between the voices of men, and 
those of women and boys, results from the smaller larynx and 
shorter vocal cords of the latter. 

The conditions which give different qualities of voice are not 
known. The falsetto voice, Mr. Willis supposes, may be pro- 
duced by the shortening of the lower vocal ligaments: Mr. Wheat- 
stone’s explanation is the following. Suppose the same sound 
to be produced by the ordinary voice and the falsetto. The 
ligaments of the glottis vibrating in the same manner in both 
cases, the difference may be this. For the ordinary sound 
the column of air in the trachea may vibrate entire; for 
the falsetto the column of air may assume an harmonic sub- 
division. 

The range of the voice seldom exceeds two octaves and 
a half. Dr. Bennati affirms, however, that the compass of 
his own voice extended to three octaves. He mentions as an 
unexpected effect of removing part of the tonsils, that he has 
found the operation to be followed by the raising of the voice 
half an octave, without altering its compass. I suppose that 
this effect, if correctly observed, results from the cicatrix stretch- 
ing the lining of the larynx, and thus giving increased tension 
to its inner surface. 

When vocal sounds have been formed in the larynx, they 
have to receive articulation from the shape of the cavities 
through which the air has yet to pass. 

The elementary articulate sounds in a language constitute 
its alphabet. They are divided into vowels and consonants. 
The former are produced when the passage of the air through 
the fauces is uninterrupted, the fauces being only more or less 
narrowed. ‘They differ from each other in requiring a different 
elevation of the tongue, or contraction of the lips. Consonants 
are produced when the breath or voice in its passage through 
the cavities anterior to the larynx is temporarily interrupted 
by the complete or incomplete obstruction of some part of the 
channel. 

M. Deleau made the following experiment, demonstrating 
that the articulation of vacdl sounds takes place in’ the 
fauces. He introduced throug ¢hie’ nostrils into the pharynx 
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a flexible tube, and impelled air through it into the fauces: 
then closing the larynx, he threw the fauces into the different 
positions requisite for producing articulate sounds, when the 
air impelled from the gum bottle became an audible whisper. 
Dr. Deleau repeated this experiment, allowing at the same 
time laryngeal sounds to pass into the fauces, when each 
articulated letter was heard double, in a voice at once and ina 
whisper. 

Various attempts have been made to analyse and to produce 
by instruments the phenomena of articulate speech. 

And, first, of the mechanism of vowel sounds. 

Kratzenstein found, that, by using little tubes of different 
shapes adapted to an instrument that could produce sound, he 
could determine different vowel tones. 

De Kempelen produced vowel sounds by means of an Indian 
rubber bell similarly adapted, the shape and size of which he 
altered by the hand. 

But Mr. Willis’s recent investigations are the most satis- 
factory. Mr. Willis attached to a free reed, a tube, which 
was capable, if immediately excited, of producing a deter- 
minate note. By altering the length of this tube, the 
original sound was made to assume the character of dif- 
ferent vowels; evincing, that the vowel quality added to 
a note is the mere co-existence of a determinate musical 
sound. 

The changes which take place in the human fauces, more 
resemble those which De Kempelen employed. 


The adjoimed diagram dis- 
plays the position of the fauces 
requisite for pronouncing au, 
a, ee. The position for 0, and 
vo, is obtained by placing the 
fauces in the position for au, 
and then approximating the 
lips. 
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‘fhe consonantal sounds which we employ admit of being 
divided in the following manner. 

There are some which may be rendered audible without a 
vowel sound. This is the case with p, t, k, h, f, th, sh, s. 
They may be termed aspirates. Others, again, without any 
appreciable difference in the shape of the fauces from the form 
required for several of the preceding to which they are allied, 
are not heard without a vowel sound. They may be termed 
sonants. 

Again, for the utterance of the greater number of sounds, the 
soft palate is raised, and the passage of the air through the 
nostrils obstructed. By allowing the air to pass through the 
nostrils, a peculiar character is given to the articulation, and 
nasal letters are produced. 

Consonantal sounds, again, are divided into continuous and 
explosive. 

Continuous consonants are obtained, when the breath or 
voice passes through this cavity, interrupted by the narrowing 
of some part of the passage. 

Explosive consonants are heard, when the breath or voice, 
passing through the mouth, is suddenly impeded by the entire 
closing of some part of the passage, or is allowed to burst out 
by the sudden opening of the same. 

The following scheme contains the philosophical arrangement 
of consonantal sounds given by Mr. Wheatstone. 


Aspirates. Sonants. Nasal. 
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The opposite diagrams display the 


position of the tongue and lips in the axe 
pronunciation of different consonants. 

The reader, if he is sufficiently inte- 

rested in the subject, may, by referring / ( ) 
to them, easily detect in his own arti- 

culation the motions of the tongue and T.D.L. 

lips by which the different sounds are 

determined. There are several curious 

applications of this study. It is pos- 

sible to form an apparatus capable of 

articulating each letter. De Kempelen O 
succeeded in constructing a speaking 

machine, which was capable of utter- ») 
ing entire phrases; some of which a 

were—‘‘ Vous étes mon ami—je vous 
aime de tout mon cceur— Leopoldus 
secundus—Romanoruminiperator,”’ &c. 

— De Kempelen published a detailed ? 
account of the construction of this in- Te, 
strument, at Vienna, in 1791. Mr. 

Wheatstone has reconstructed this in- 

strument from De Kempelen’s descrip- 

tion; and I have heard it articulate G hurd. K. 

the words mamma — papa — thumb — 

rum—summer—with great precision. 

The Italian and the Spanish languages, derived from 
the Latin, are softer to the ear than that language. Let 
me show, by an example, that they are actually softer, or re- 
quire less effort, in the pronunciation. The Latin word clamare, 
becomes in Spanish d/amar, in Italian chiamare; that is to say, 
of the two consonants which begin the word, the Italians drop 
one, the Spaniards the other. In the following diagram, the 
continued line shows the double and forced elevation of the 
root and apex of the tomgue necessary for the simultaneous 
production of c and 7: the two dotted lines show, that in the 
softer languages of Spain and Italy half the effort only is re- 
quired for either. Plenus, pieno, lleno, are parallel in- 
stances. 
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Many persons have an imperfect articulation of different let- 
ters. *The letter R is pronounced by several with the uvula. 
I have no doubt that its proper articulation might be acquired 
by any one, who understood clearly that it is to be performed 
by raising the tip of the tongue to tle roof of the mouth, and 
allowing it to vibrate in the current of air. 

One cause of stammeting is a physical difficulty of articu- 
lating certain letters. One means, therefore, calculated to re- 
move this defect is to study carefully the mode of pro- 
nouncing the difficult letters, to master exactly the mechanism 
of their articulation, and to practise their pronunciation re- 
peatedly, slowly, and analytically. 

The other rules to be followed by stammering persons are, 
to speak always with a full chest, to speak slowly, to pause 
the instant the hesitation begins, and, after waiting four or 
five seconds, to make collectedly a second attempt. It must 
be evidently useful to acquire by the habit of composition fa- 
cility and variety of expression. In the worst spasm of the 
glottis occurring to a stammering person, he will often find the 
difficulty yield upon attempting a simple vowel sound, after 
which any other letter will follow easily. 

One of the most remarkable facts regarding articulate speech 
is, that it may take place during inspiration. In that case the 
breath drawn through the fauces is first cut into letters, and 
subsequently receives a tone in its passage through the larynx. 
It appears probable that ventriloquists occasionally avail them- 
selves of this artifice to diversify the character of their voice. 
In general, however, ventriloquists speak during expiration ; 
and their art depends upon the flexibility of organ and cor- 
rectness of ear, through which they modulate common tones to 
the character which they would take in the situation, from which 
the imaginary person in the dialogue is supposed to speak. 
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There are other sounds, the production of which I may take 
this opportunity of explaining. 

Coughing and hiccupping are produced by the passage of 
air through the larynx upon its being suddenly opened. But 
the direction of the current of air is reversed in the two cases : 
coughing is an explosive expiration, hiccup an explosive inspi- 
ration. 

In coughing, as in common utterance, the soft palate is 
raised, and the posterior entrance into the nostrils stopped. 
Sneezing takes place when the soft palate is lowered; it is, 
therefore, a nasal cough. 

Laughter is exactly explained by the letters in which it is 
commonly expressed — haw, haw, haw; he, he, he—a more or 
less broad articulation of aspirated vowels. 

With snoring, the larynx has nothing todo. The principal 
sound occurs during inspiration; and that, as well as the 
weaker expiratory snore, 1s produced by the fluttering of the 
uvula and of the edge of the velum pendulum palati in the cur- 
rent of air. 

The mechanism which closes the aperture of the larynx 
is called into action on other occasions, besides the production 
of vocal sounds. Ifthe most curious use of the larynx is the 
production of the voice, its most important office is the pro- 
tection of the lungs. With its numerous muscles and quick 
sensibility, the larynx is placed as a guard at the summit of 
the windpipe, to admit indeed the entrance of the salubrious 
air, but to obstruct the passage of every thing that would prove 
noxious. 

The double office of the larynx is strikingly illustrated, when 
we extend our researches into comparative anatomy. 

In the cetaceous mammalia, which are dumb, we find a re- 
spiratory larynx alone. The windpipe terminates in a contrac- 
tile circular aperture: and this opens, not at the root of the 
tongue, but is prolonged as a pipe far towards the nostrils, 
completely out of the way of the food. 

In birds, on the other hand, in some of which the vocal function 
is so finely perfected, there is of course a larynx for sound, as 
well as a larynx for closing the windpipe; but they form two 
separate organs. The latter, an apparatus of the simplest con- 
struction, is placed at the top of the windpipe; the former, 
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highly complicated, is situated m the chest at the bifurcation 
of the trachea. , 

Now, in man, and in animals cast in the same type, there 
are two nerves distributed to their single larynx. One, the 
upper laryngeal nerve, has most to do with closing the larynx. 
The other, the recurrent, is found, by the experiment of di- 
viding it, to have the most influence in the production of vocal 
sounds. The upper is given off from the pneumo-gastric, close 
upon the larynx. The recurrent is not given off till the pneumo- 
gastri¢ has reached the chest, and then has to make a long 
course backward to the throat. This lengthened and circuitous 
course of the recurrent is a common theme of wonder in the 
anatomy of the nerves. I think its purpose is explained by 
referring to the vocal organ of birds. In birds, there are two 
nerves likewise on each side. The upper corresponds exactly 
with the upper laryngeal of man; it is the nerve to close the 
larynx of deglutition. The lower nerve corresponds with our 
recurrent: it is given off in the chest, and then it finds at once 
its destination. It is not recurrent, for the vocal larynx is not 
behind it. The human inferior laryngeal nerve is doubtless 
given off in the chest for the preservation of unity of the type 
of construction of mammalia and birds: it is recurrent, because 
the position of the human vocal larynx is above it. 

But to recur to the means by which the passage through the 
larynx ia closed. Mr. Willis has very ingeniously conjectured, 
that the closure takes place through the inflation of the ven- 
tricles from below, when the ligaments have been approximated, 
and an expiration is attempted. In the simple upper larynx, how- 
ever, of birds, there are no ventricles: in their case, the closure 
of the glottis must certainly be produced by the close linear 
apposition of two membranous edges in a state of tension, and 
in exact contact. An objection was likewise suggested to me 
by Mr. Wheatstone, which of itself appears fatal to Mr. Willis’s 
hypothesis ;—we can close the larynx as well during inspiration 
as during expiration. 

In the case of a patient in the Middlesex Hospital, to which 
I have already referred, I could look into the upper part of the 
larynx, and observe what took place when he voluntarily closed 
the passage through it. The appearance which the parts pre- 
sented is exactly that delineated in the lower fig. 2, p. 371: it 
was, as I have already mentioned, identical with that observed 
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during vocalization. The lips of the glottis, or the reflection 
of membrane from the greater horns of the larynx to the epi- 
glottis, formed an open funnel as before; the arytenoids were 
indeed closely pressed together, but there was no appearance of 
complete closure of the passage above the vocal ligaments. 

We must, I think, conclude, that the larynx is closed by 
the linear apposition of the inferior ligaments of the glottis, 
pressed together by the action of the arytenoidei postici and 
transversus, In concert with that of the thyreo-arytenoids and 
crico-thyreoids. | 

Whatever may be the exact nature of this provision, its ap- 
plication is no less varied than it is important. Without it, the 
next meal would be fatal: without it, we should be unable to 
make a single muscular effort, in which the upper part of the 
frame takes a share. 

M. Magendie, I believe, first made the observation, that the 
epiglottis is not the protector of the larynx against the passage 
of food into the windpipe during deglutition. He found, that 
that part might be removed from dogs, and that they retained 
perfectly the power of swallowing: while, on the other hand, 
the epiglottis being left entire, if the upper laryngeal nerves were 
divided, the attempt to swallow invariably brought on fits of 
choaking from the food finding its way down the windpipe. 

In the case of attempted suicide last referred to, the epi- 
glottis was cut through: yet the patient, in two or three days 
after the injury, swallowed easily, and without the least irrita- 
tion of the larynx; although, so free was the opening in the 
throat, that some of the fluid swallowed always ran out at the 
wound. 

In attempts at breathing, when the medium inspired is highly 
noxious, the effect of the closure of the larynx is no less admi- 
rable and perfect. When an animal is immersed in carbonic 
acid, it strives to inspire: but no particle of the gas can it draw 
with the whole force of its inspiratory muscles through the glot- 
tis, which has closed upon the contact of the hurtful agent. 
The same happens in submersion under water, or even under 
quicksilver. The protection, in these instances, is derived from 
the close consent between the sentient mucous surface of the 
larynx and its muscles. 

A frequent kind of disorder in parts thus endowed is an in- 
creased susceptibility of the sentient surface, and a hability 
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to spasmodic action in the adjacent muscles, whose office it is 
to act from impressions received upon the former. Thus in the 
urethra, a morbidly sensible state of a part of the mucous mem- 
-brane produces spasmodic stricture, or a continued contraction 
of the posterior fibres of the ejaculator. In the present instance 
the consequences are more fatal, inasmuch as the function 
impaired is more immediately important to life. An ulcer 
within the larynx is therefore a very serious disease. When 
this complaint exists, the whole surface of the larynx in time 
is rendered acutely sensible; the air passing over it is now an 
irritant ; the fibres which close the opening of the larynx for- 
cibly contract: the patient cannot draw his breath, and is 
threatened with instant suffocation. In hydrophobia, again, 
the portentous symptom, whence the name of the disease is 
derived, springs from the same cause. The surface of the 
larynx is preternaturally sensible (or is the principal seat of 
that morbid sensibility which is generally shared by every 
sentient organ in this disease); the passage of fuod, of liquid 
especially, the contact of which is more perfect than that of 
solid food, excites a spasm which threatens suffocation; and 
even if swallowing is not attempted, a paroxysm threatening 
suffocation takes place at intervals, either from the mere con- 
tact of the air passing over the sensible surface of the larynx, 
or in consequence of some sudden impression being made on 
another organ. 

It deserves to be remarked, that whenever suffocation is 
threatened by a spasm upon the glottis, ‘hat particular symptom 
admits of relief by opening the windpipe; but no doubt in 
many instances, and hydrophubia is possibly one of them, the 
original disease would not prove the less rapidly fatal, were 
the spasm upon the larynx thus remedied *. 

We may wonder that muscular fasciculi so slight as those 
of the larynx, however advantageously placed, should be ca- 
pable of counteracting the efforts of the diaphragm and other 
muscles of inspiration. But they are found to be no less 


* In dogs affected with hydrophohbia, this operation is useless. I have 
had the means of trying this experiment, as well as several others, 
through the kindness and with the assistance of Mr. Youatt, who is 
zealous in every inquiry which tends to throw light upon this formidable 
disease. 
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efficient against the muscles of expiration. It was shown sa- 
tisfactorily, by the experiments of M. Bourdon, that an animal 
can neither leap nor swim, if it be made to breathe through 
a tube introduced into the trachea. In the muscular fibres 
which close the larynx, Nature has provided the means of ren- 
dering the pliant walls of the thorax immoveable, so that the 
muscles which arise from the ribs may have a fixed point to act 
from. Itis to be borne in mind, however, that the walls of 
the thorax admit of being moved, when the larynx is closed, if 
the motion be such as not to alter the capacity of the internal 
area of the chest. Thus in vomiting, at the time when the 
larynx 1s most firmly shut, the ribs sensibly descend ; but they 
descend simultaneously with the diaphragm. If by descending 
they narrow the chest, the diaphragm by descending propor- 
tionably increases its height. Of the two motions, that of the 
diaphragm on this occasion is the important one; the pressure 
made by its descent forces out the contents of the stomach. 
The ribs only descend to allow the diaphragm to descend. It 
is equally possible, on the other hand, after shutting the glottis, 
to expand the chest, making the diaphragm and liver higher 
within the ribs. 


CHAPTER XII, 


OF GENERATION. 


GENERATION is the production of a living being. Generation 
has been divided into true and equivocal. In the former, the 
living being is produced by separation from another within, or 
upon, which it grew. In the latter, 1t is supposed that vital 
existence begins during the dissolution of organized matter; — 
if a part of a dead animal or vegetable body is maccrated for a 
few days in water, the water is found to teem with infusorial 
animalcule. No decisive evidence has, however, been adduced 
to prove that the animalcule of infusions are produced by che- 
mical action, and are not the development of germs of their 
kind, which were previously contained in the organized 
texture. 

True generation, again, presents several varicties. The sim- 
plest form is the spontaneous division of one living being into 
two. This extraordinary process has already been described as 
it occurs in the nais [sce page 9]. Plants, in general, are sus- 
ceptible of propagation in this manner, if one part is artificially 
separated from the rest. 

Oppcsed to the preceding form of reproduction, ts growth 
from seeds or eggs, or the formation of germs, which under 
favourable circumstances are capable of gradually expanding 
into the character and dimensions of the parent. Reproduction 
of- this kind presents several varieties. There may be one 
organ in the parent, by which the germ is at once formed and 
perfected. It is supposed, that the spore of fungi is thus pro- 
duced. Or there may be, in one individual, two organs; one 
in which the seed is formed, another by the influence of which 
the seed is fertilized. This happens in moneecious plants. A 
remarkable variety of this mode of generation is, when one 
individual has both organs, yet the concurrence ef two indi-' 
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viduals is requisite for impregnation, which is reciprocal. This 
singular phenomenon occurs in snails. 

Finally, the fertilizing organ may be exclusively found in one 
individual of the species, while the organ for producing the 
germ is met with in another. Then the distinction of sexes 
arises, and the beings are male and female. 

The extensive subject of the reproduction of the species re- 
quires to be treated under three heads: the first describing the 
difference of the sexes, and the conditions necessary to impreg- 
nation; the second, the development of the ovum; the third, 
the source of the nourishment of the embryo, and the mode 
of its connection with the uterus. 


SECTION I. 
Oj the difference of the Sexes, and of Impregnation. 


The sexual parts, in the female, consist of the vagina, which 
is the organ of coition; of the ovaries, in which the germ is 
produced, and in which it is probably fertilized; of the uterus, 
to which it is transported from the ovaries by the Fallopian 
tubes, in which it is brought to maturity, and by the action 
of which it is born; of the mamme, which supply the food of 
the infant for a long period after birth. 

The sexual parts in the male are the testes, the vesicule se- 
minales, the prostate gland, the penis. 

The ovaries, which form the essential part of the female 
organs, are two flattened oval capsules, that are lodged in the 
fold of the peritoneum, which forms the broad ligaments of the 
uterus. They contain a loose succulent texture, in which there 
are several cysts, termed Graaffian vesicles, filled with a trans- 
parent liquid: their number is from fifteen to twenty; they 
are of every size up to the largest, which is commonly about 
four lines in its long diameter. At an early age the surface of 
the ovaries is smooth; after puberty it gradually becomes marked 
with numerous scars or cicatrices, as the Graaffian vesicles 
successively burst, and are filled up, and contract. The ovaries 
are supplied with blood by the spermatic arteries, with nerves 
by the spermatic plexuses: on their removal, the sexual passion 
is extinguished. 
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The uterus is a hollow fleshy organ placed between the 
bladder and rectum. Its texture is fibrous, but is much firmer 
than muscular substance. The broader portion or body of the 
uterus contains a triangular cavity, from each of two corners 
of which a tube, termed the Fallopian tube, leads towards the 
ovaries. The Fallopian tubes are about five inches in length : 
they become tortuous and enlarged towards their ovarian ex- 
tremity, which is open, and fringed with irregular filaments or 
fimbriz, that are capable of attaching themselves to the 
ovaries, The division of the Fallopian tubes extinguishes the 
sexual appetite. 

The third or lower corner of the cavity of the uterus leads 
by along channel, called the cervix uteri, into the cavity of 
the vagina. Its opening, which is a transverse slit half an inch 
in length between two fleshy lips, of which the posterior is the 
roundest and fullest, is called the os uteri. 

The vagina is a mucous canal surrounded by a thick vascular 
membrane. At the orifice are the labia and clitoris; and in 
virgins a crescentic fold of membrane, termed the hymen, is 
found, leaving a narrow aperture. 

The testes are glandular bodies, which form the organs 
essential to the genital system in the male sex. Either testis 
is suspended in the scrotum by a part called the spermatic 
cord, which consists of the spermatic artery and veins, of the 
Spermatic plexuses of nerves and absorbents, and of the vas 
deferens, or excretory duct of the testis. The testis 1s covered 
with a serous membrane called the tunica vaginalis. When the 
reflected layer of this membrane is divided, the testis is found 
to consist of a flattened oval substance; to the upper outer and 
back part of which a narrow slip of tubular parenchyma ad- 
heres, called the epididymis. 

The vas deferens becomes extremely tortuous as it approaches 
the testis. When this duct has been injected with quicksilver 
in the direction towards the body of the gland, we discover 
that the epididymis is but a continuation of the same canal 
now reduced to a much less diameter, of enormous length there- 
fore, though coiled upon itself into so small a compass. The 
upper end of the epididymis again leads by six or seven convo- 
luted tubes, called vasa efferentia, to the upper part of the 
testis, the texture of which is firmer and denser than the rest : 
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this part is termed the corpus Highmorianum, or rete testis. 
It consists of a network of tubes continuous on the one hand 
with the vasa efferentia, on the other with numerous isolated 
tortuous excretory tubes, the aggregation of which forms the 
testis. The connection between the veins and arteries of the 
testis and the excretory tubes has not been shown. 

The vas deferens is of great strength and thickness. Upon 
dividing it near the testis in adult animals recently killed, a 
fluid is obtained, which consists chemically of water, mucus, 
soda, and phosphate of lime; and contains numerous minute 
animalcule, which, as they are seen in the dog, have a head, a 
body, and a long filiform tail. These animalcule are not found 
mn the seminal fluid of mules *. 

The division of the spermatic cord on both sides, or the re- 
moval of both the testes, destroys the sexual passion, and pro- 
duces impotence. 

The vas deferens reaches the lower opening of the pelvis by 
a circuitous route: having passed into the abdomen through 
the spermatic passage, it descends by the side of the bladder 
to the under part of its cervix, where it is joined by an oblong 
body called the vesicula seminalis: the latter part consists of a 
long blind tube, folded upon itself, the open extremity of which 
enters the vas deferens at an acute angle. The common duct 
after this junction is a third of an inch in length: it perforates 
the prostate gland between the inferior lobe and the lateral 
lobes, to open upon the under part of the urethra by an aper- 
ture at the side of the caput gallinaginis. 

The prostate gland is of the size of a small chesnut, and of 
a very firm texture; its numerous ducts open in the furrow at 
the side of the caput gallinaginis, and pour out, when the gland 
is squeezed, an opaque whitish liquid. 

The glands of Cowper seem likewise to belong to the genera- 
tive system: commonly extremely minute, they are sometimes 
met with of the size of peas, one being placed on each side of 
the membranous portion of the urethra, below which they are 
united by an isthmus: the duct of each, about three inches in 
length, opens by perforating the mucous membrane lining the 
spongy body of the penis. 


* Magendie, Elémens de Physiologie, vol. ii, p. 518. 
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The secretions of these parts find therefore a ready passage 
into the bulb of the urethra, from whence they are expelled by 
the action of the ejaculator seminis. 

As in plants the organs of reproduction grow and are shed 
annually, in animals they are in vigour during a period only of 
their existence. The time at which their development takes 
place in man is termed puberty: before this arrives, the sexual 
organs of either sex do not participate in the growth of the 
body, but enlarge in a much slower ratio. 

Antecedently to puberty, the physical character of the two 
sexes is the same: the same delicacy of complexion, and high 
pitch of the voice, and slightness of the figure, are met with in 
either sex. And many striking observations go to prove, that 
the changes in these points, which supervene with puberty, are 
in fact, as one would superficially conjecture, direct and imme- 
diate results of the development of the sexual organs myste- 
riously influencing the growth of the rest of the frame. The 
facts to which I advert are the following. 

The removal of the testes, or the division of the spermatic 
cords in young male animals is followed occasionally by ‘he 
animal attaining a larger size than it would otherwise have 
reached. But the shape of the mutilated animal has never the 
perfect character of a male; the neck and shoulders are com- 
monly deficient in breadth and strength, while the loins are 
generally large and heavy. 

In boys, castration prevents the enlargement of the larynx 
and the growth of the beard, and the whole frame when grown 
up presents an inconsistent and effeminate character; the skin 
soft, the body unusually fat. 

Where parts of the genital system are naturally deficient, the 
body never acquires the true character of either sex. A marine 
aged twenty-three was admitted, in the year 1779, into the 
Royal Hospital at Piymouth: he had been there only a few 
days when a suspicion arose of the individual being a female. 
He had no beard: his breasts were fully as large as those of a 
woman at that age: he was inclined to be corpulent: his skin 
was uncommonly soft: the hands fat and short: the thighs 
aud legs like those of a woman. The penis was found to be 
unusually small, the testes not larger than in the feetal state. 

Sir Everard Home, who describes the preceding case in the 
Philosophical Transactions, mentions likewise the following. 
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A female lived to the age of twenty-nine years, who was of a 
fair florid complexion, in stature not more than four feet six 
inches: her breadth across the chest was fourteen inches ; 
across the pelvis but nine: her breasts and nipples had not en- 
larged. She had never menstruated. There was no appearance 
of hair on the pubes, nor was there any indication of puberty 
in body or mind at twenty-nine years of age. It was found, 
on examining the body after her death, that the os tince and 
uterus had their usual form, but had never increased beyond 
their size in the infant state. The passage into the-uterus 
through the cervix was of the common shape, and the Fallopian 
tubes were pervious to the fimbriez. The coats of the uterus 
were membranous. The ovaries were so indistinct as rather to 
show the rudiments, which ought to have formed them, than 
any part of the natural structure. 

Mr. Hunter has described the nature of a peculiar monstro- 
sity which occurs in black cattle, and which throws additional 
light upon the present subject. 

When twin calves are born, they may be both perfect bull or 
perfect cow calves: when one is a bull calf, the other a cow 
calf, the latter in general when grown up exhibits no sexual 
propensities, and has a frame resembling the common ox, with 
which animal it is generally yoked and employed. This animal 
is termed a free-martin. Upon an examination of three of these 
animals, Mr. Hunter found in them different malformations of 
the genital organs: each of them had some rudiment of the 
female organs, but at the same time something deficient, either 
in the connection of the uterus with the vagina, or in the deve- 
lopment of the ovaria ; and in each some small part of the male 
generative system was detected. In this instance, therefore, as 
in the preceding, the general character of the animal seemed to 
follow the type of the genital organs. 

The free-martin is perhaps the nearest approach in the higher 
animals to the state of hermaphrodism, the existence of which 
in human beings is a groundless fiction. Those appearances, 
which are occasionally exposed to the vulgar as specimens of 
such an occurrence, are cases in which, if females, there is an 
habitual prolapsus of the uterus with a long and narrow cervix, 
or an enlarged clitoris; or in which the front of the bladder 
and the lower part of the abdominal parietes are deficient, so 
that the everted mucous surface of the posterior half of the 
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bladder presents the appearance of a glans penis above the 
female sexual organs ; — in males, the want of a perforation in 
the penis, with a deficient septum scroti, and the urethra open- 
ing in the perineum, have given rise to a similar mistake. 

The period of puberty differs, in the two sexes, 1n the inha- 
bitants of different climates, in persons of different tempera- 
ments and habits of life. 

Women reach the period of puberty one or two years before 
men; the inhabitants of southern, before those of northern cli- 
mates» In the hottest regions of Africa, Asia, and America, 
girls arrive at puberty at ten, even at nine years of age; in 
France not till thirteen, fourteen, or fifteen; whilst in Sweden, 
Russia, and Denmark, this period is not attained till from two 
to three years later. Habits of activity and bodily exertion 
retard the arrival of puberty. 

At the time of puberty, in the male, the larynx enlarges, the 
quality of the voice is changed, the beard grows, the chest and 
shoulders enlarge, the generative organs are developed, hair 
grows upon the pubes, and the secretion of the seminal fluid 
begins. 

The female at the age of puberty deviates less from the type 
of childhood ; but the breasts enlarge, the pelvis enlarges, the 
uterine organs are developed, and a peculiar periodical secre- 
tion commences from the inner surface of the uterus, which 
continues, subject to certain intermissions, as long as the organ 
is capable of impregnation, which is on an average about thirty 
years. 

This secretion is termed the menstrual discharge, or catame- 
nia: it returns every lunar month, and consists of a fluid re- 
sembling arterial blood, except that it does not coagulate: the 
secretion amounts to six or eight ounces on an average, and 
lasts from three to four days. But in some instances the period 
returns regularly every third week ; and in other instances, in 
which the common period is usually observed, it occasionally 
happens that menstruation is put off till the fifth week without 
any inconvenience attending : in some persons it lasts a shorter 
period than that above stated, and is scarcely sanguineous; in 
others it is more profuse, and lasts at each recurrence a week. 

In some instances menstruation takes place at puberty, with- 
out any previous or attendant indisposition ; but generally its 
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first appearance-is preceded by uneasy feclings, by pain about 
the back and pelvis, accompanied often by disorder of the 
stomach and bowels, and various hysterical symptoms. These 
affections gradually abate, but at the end of a month return 
with more severity, being attended with colic pains, a frequent 
pulse, occasionally with heat of skin and a desire to vomit. 
There now takes place from the vagina a discharge of a serous 
fluid slightly red, but it does not in general become perfectly 
sanguineous for several periods: when the discharge flows, the 
preceding symptoms abate: but frequently a considerahle de- 
vree of weakness remains, and the skin of the eyelids appears 
discoloured. In a short time menstruation is performed often 
without any other inconvenience than a slight pain in the back, 
though sometimes a woman may suffer from many of the former 
symptoms every time that she is unwell; and all women at the 
menstrual period are more liable than at other times to spasmo- 
dic and hysterical complaints. 

This secretion is naturally wanting during utero-gestation, 
and some time subsequently. Yet there are instances, in which 
menstruation takes place exactly in the usual manner dunng 
the whole term of pregnancy. I have met with but one case of 
this description : the patient informed me that it had happened 
in each of seven pregnancies. 

It is supposed that the uterus is peculiarly fitted for impreg- 
nation immediately after the period has ceased. Yet women 
may have children antecedently to the occurrence of menstrua~ 
tion. Sir E. Home mentions the case of a young woman, who 
was married before she was seventeen, and having never men- 
struated, became pregnant: four months after her delivery she 
became pregnant a second time; and four months after the 
second delivery, she was a third time pregnant, but miscarried. 
After this she menstruated for the first time, and continued to 
do so for several periods, and again became pregnant *. 

Mr. Roberton gives, in the North of England Medical and 
Surgical Journal, the following table of the period at which 
326 wonien in the Lying-in Hospital in Manchester began to 


wenstruate. 


* Phil. Trans. vol. cvii, p. 258. 
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Like other peculiarities of constitution, the period of puberty 
in women is often found the same in members of the same fa-— 
mily. Mr. Roberton mentions five sisters who menstruated 
at 11; one of them was gravid and a mother at 12. 

We have now to inquire into the conditions necessary for 
impregnation. 

For this purpose, germs are in a state of progressive forward- 
ness in the ovaries, from the time of puberty till the period of 
child-bearing is over. These germs were secn for the first time 
by Baer, in the year 1827, in the ovaries of a bitch. They are 
little specks in the Graaffian vesicles, and in the bitch are 
from sz to x30 of an inch in diameter, the larger being doubt- 
less the more forward. The following diagram, taken from 
Baer, may serve to explain his notion of the structure of the 
Graaffian vesicle, and of the place and nature of the germ. 
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In this figure, the meaning of the numbers is as follows. 
1. The peritoneal coat of the ovary. 
2. The proper or cellular coat of the ovary. 
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3. The thin outermost coat of the Graaffian vesicle, framed 
of a close filamentous tissue. 

4. The internal layer, thicker, softer, more opaque than the 
outer, from which it is after maceration readily separable. Its 
inner surface is slightly villous. 

5. The granular membrane, immediately including the hu- 
mour of the Graaffian vesicle. 

6. The humour itself, shghtly viscid, albuminous, pellucid, 
but inclining to yellow in the most turgid vesicles, containing 
numerous irregularly-shaped granules, with here and there a 
globule of oil. 

7. The discus proligerus, or germ disc, composed of closely- 
coherent granules, which forms the bed in which is placed — 

8. The germ or ovulum, itself a hollow membranous sphere, 
which consists of coherent granules. 

There is every reason to believe, that Graaffian vesicles are 
at regular or iregular intervals coming forward during the 
whole period at which child-bearing is possible; and that they 
burst in succession, and shed the contained ovula, whether 
sexual connection takes place or not. It is probable, however, 
that sexual connection hastens their ripening. A principal 
difference in the appearance of the ovary of one past the age of 
thirty, and that of a child, is the scarred and cicatrized surface 
of the former contrasted with the uniform smoothness of the 
latter. The cicatrices on the former result, beyond question, 
from the healing of numerous lacerations of the surface pro- 
duced by the escape of ovula. 

The appearance termed a corpus luteum is the consequence 
of the bursting of a Graaffian vesicle. It is formed by a 
thickening of the internal coat of the latter. Baer mentions, 
that the thickening is sometimes found before the vesicle 
bursts*. The yellow colour (from which the term is taken) 
is in some degree accidental, or it is seen in some instances and 
not in others. The most perfect corpus luteum, which I have 
had an opportunity of examming, was found in the ovary of a 
young person dying about the end of the second month of 
pregnancy. It is in a specimen of Mr. Sweatman’s, in the mu- 
seum of the Middlesex Hospital, to which I shall afterwards 
have occasion more particularly to refer. The corpus luteum in 


* De Ovi Mammalium et Hominis Genesi. C. E. a Baer. Lipsia, 1827. 
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this case is a flattened oval, #¢ of an inch in its long diameter, 
3 an inch in height. The cavity 1s irregular, its long diameter 
3 Of an inch: its sides were almost in contact however. The 
opening through the peritoneal coat of the ovary still remains. 
The mass of the corpus luteum is made up of a spongy thick- 
ening of the inner coat, internally nodular, very much corre- 
sponding with Baer’s figure. It is surrounded by a large plexus 
of veins and arteries, which likewise penetrate the spongy 
thickening mentioned. There is no yellow matter about it. 

What the condition of the Graaffian vesicles may be, that 
renders them fit for impregnation, has not yet been determined. 

It is not known whether a state of increased vascularity in 
the uterus and ovaries in women is necessary for impregnation. 
Some change of this kind is observed in the sexual parts of 
female animals, when they are in their periodical state of sexual 
excitement. Mr. Cruickshank thus describes the appearance of 
the parts in the rabbit. 

A female rabbit, when hot, was pithed, and the uterine sys- 
tem was then minutely examined. The external and internal 
parts of generation were found black with an unusual quantity 
of blood: the Fallopian tubes were twisted like writhing worms, 
and exhibited a very vivid peristaltic motion: the fimbriz em- 
braced the ovaries, like fingers laying hold of an object, so 
closely and so firmly as to require some force and even slight 
laceration to disengage them: round black spots somewhat less 
than mustard seeds appeared below the membrane of the ova- 
rium. Upon injecting the vessels of the pelvis with size and 
vermilion, the uterine organs became of a bright red. 

When the uterine organs are disposed towards conception, 
what conditions are immediately requisite for the fecundation 
of ovula? Upon this subject our knowledge is extremely im- 
perfect ; but proceeding by the inductive method, physiologists 
have ascertained, that the exclusion of one element of the usual 
constitution of the uterine system essentially prevents impreg- 
nation following sexual connection. If the canal leading from 
the orifice of the vagina to the ovaries is interrupied, conception 
never takes place. 

Dr. Blundell found, that an interruption of the uterine canal 
in rabbits, produced by the division of the vagina, uniformly 
prevents conception. Yet in animals thus mutilated, which 
admitted the male, the uterus afterwards enlarged to a con- 
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siderable size, and was found to contain a fluid of an albumi- 
nous nature *. 

Barrenness in married women occasionally depends upon an 
obstruction of the os uteri by viscid mucus; the removal of the 
obstruction by a bougie has been shortly after followed by con- 
ception. 

Dr. Haighton divided the Fallopian tubes on each side in 
several female rabbits, and found that the animals invariably 
lost the sexual appetite +. Upon dividing the Fallopian tube 
on one side only, he found the same result generally ensue. 
In a few cases, however, the animals thus mutilated admitted 
the male, and became impregnated: but the horn of the uterus 
on the side on which the Fallopian tube had been divided never 
contained ova. 

When we refer to analogy for an explanation of the cause, 
why an obstruction of the uterine canal prevents conception, 
we discover it in the fact, that in various cold-blooded animals 
the seminal fluid is brought into aetual contact with the eges 
either at the time of their expulsion or afterwards. We are 
thus led to conjecture, that in warm-blooded animals likewise 
the seminal fluid must be directly applied to the germ, in order 
that impregnation may take place; and that any cause which 
prevents this contact taking place is enough to prevent con- 
ception. 

If we are satisfied that this conjecture is well founded, we 
may next inquire, whether the contact of the seminal fluid and 
ovum takes place in the uterus, inthe Fallopian tube, or in 
the ovary. The only facts of which we are in posssesion, that 
seem to bear upon this question, are, that the ovum, although 
in most cases developed in the uterus, yet 1s sometimes brought 
to maturity in the Fallopian tube, sometimes in the peritoneal 
cavity, and sometimes even in the ovary: it is remarkable that 
in the three latter cases the uterus enlarges, and its inner sur- 
face becomes covered with a layer of flocculent lymph, much in 
the same manner as in cases of ordinary conception. Yet 
curious as these facts undoubtedly are, they- leave the point 
which I have adduced them to elucidate nearly in its original 
uncertainty. 


* Medico-Chirurgical Trans. vol. x, p. 50. 
t Phil. Trans. vol. Ixxxv, p. 108. 
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My colleague, Mr. Sweatman, has the following remarkable 
preparation. Itis the uterus of a hare, with two embryos, which 
are situated one in each of the horns of the uterus. Now these 
horns are cavities that open separately into the vagina, and 
have no direct communication. There are likewise in this spe- 
cimen two corpora lutea; but these are contained in the same 
ovary. How did the second reach the further horn? The two 
corpora lutea are of the same size and appearance, and there is 
no corpus luteum in the other ovary. 

It has been mentioned, that Graaffian vesicles are for a period 
continually coming forward in the ovaries. What determines 
their fitness for fertilization is not known. But as on the one 
hand it may frequently happen, that sexual intercourse pro- 
duces no conception in mature ova; so on the other docs it 
appear certain, that sexual intercourse will sometimes not only 
produce in a mature ovum conception, but strongly influence 
and give a character to the immature ovula, for the fecunda- 
tion of which a subsequent coitus may be neccssary. 

The remarkable instance which brought this fact into notice 
is the following : — A seven-eighths Arabian mare belonging to 
the Earl of Morton, which had never been bred from before, 
had a mule by a quagga: subsequently she had three foals by 
a black Arabian horse. The two first of the foals are thus de- 
scribed. ‘They have the character of the Arabian breed as 
decidedly as can be expected, where fifteen-sixteenths of the 
blood are Arabian; and they are fine specimens of that breed ; 
but both in their colour, and in the hair of their manes, they 
have a striking resemblance to the quagga. Their colour is 
bay, marked more or less like the quagga in a darker tint. Both 
are distinguished by the dark line along the ridge of the back, 
the dark stripes across the fore-hand, and the datk bars across 
the back part of the legs. Both their manes are black; that of 
the filly is short, stiff, and stands upright: that of the colt is 
long, but so stiff as to arch upwards, and to hang clear of the 
sides of the neck; in which circumstance it resembles that of 
the hybrid. This is the more remarkable, as the manes of the 
Arabian breed hang lank, and closer to the neck than those of 
most others *.”’ 

A similar occurrence to the preceding is mentioned by 


* Phil. Trans. 1821, p. 21. 
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Mr. Giles respecting a litter of pigs, which resembled in colour 
a former litter by a wild boar. 

Women, it is said, have borne twins by different fathers. This 
occurrence involves, it is evident, no physical improbability. 
It is even physically not impossible, that in those cases, in 
which menstruation continues during pregnancy, a second im- 
pregnation may take place at some interval after the first but 
antecedent to the expulsion of the first embryo. 

We may suppose the reason of the occasional production of 
twins, or of more, at a birth, to be the accident of several ova 
having ripened, and been fertilized simultaneously. Baer men- 
tions having twice seen, in the ovaries of animals, two ovula in 
one Graaffian vesicle: but this occurrence probably gives rise, 
not to the birth of ordinary twins, but to the varieties of united 
births. 


SECTION IL. 
Of the Development of the Embryo. 


The detection, by Baer, of the ovulum in mammalia, which 
has been mentioned in the preceding section, 1s a point only in 
the extensive circle of discovery which has been traced by him- 
self and by other physiologists. According to ancient hypo- 
thesis, the development of the embryo was the evolution of 
parts which pre-existed in the germ. This opinion was first 
successfully attacked by C. F. Wolff, in a thesis which he pub- 
lished at Berlin in 1759, and in which he not only described a 
successive production of organs, of the pre-formation of which 
no trace existed ; but showed, that, after parts are first formed, 
they undergo many important changes in their structure before 
arriving at their perfect state. The opinions of Wolff, that the 
parts of the embryo are formed and not evolved, have been 
verified, and a vast body of knowledge ascertained upon this 
subject, by the labours of Pander, Meckel, Oken, Blumenbach, 
Baer, Rathke, Cuvier, Dutrochet, Serres, Rolando, Prevost, 
Dumas, and of many others, who have joined in creating a new 
branch of physiological science. I shall endeavour briefly to 
explain the leading facts which have been thus brought to 
light. They have an interest greatly beyond twha attaches to 
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the narration of phenomena that are simply unexpected and 
curious. They elucidate to a wonderful degree the affinities of 
remote families of animals; displaying how for a period their 
type of formation is the same, and explain the seeming caprice 
of Nature in instances of monstrous and defective formation, by 
showing that what appears anomalous is not the substitution 
of a new type, but the arrest of development, whereby a tem- 
porary character is rendered permanent. 

The ovulum bursting from the Graatfian vesicle is received 
by the fimbriated extremity of the Fallopian tube, and conveyed 
towards the uterus. 

Baer detected the ovulum in its pas- 
sage along the Fallopian tube in a bitch. 
Its appearance is represented in the ad- 
jomed figure. It was of a yellowish- 
white colour, and consisted distinctly of 
an outer cortical membrane, or chorion, 
and of a globule within of a granular 
structure. Its diameter was the tifteenth 

part of a line. 

After reaching the uterus, the ovulum 
grows more rapidly than before. Its 
structure may be examined with ease, 
when it is about half a line in diameter. 
A new element is then visible in it, which 
is shown in the adjoined figure from Baer. 
Upon the surface of the internal globule, 
around, opaque, granular disc is seen, 
with a dark spot upon its centre. Dr. 
Allan Thompson, from whose useful pa- 
pers on embryology, in the Edinburgh 
New Philosophical Journal, I have bor- 
rowed the greater part of the preliminary 
sketch in the present section, states, that 
he has seen this spot very evident in the 
ova of the rabbit on the sixth day after 
impregnation. 

It does not, I think, admit of a doubt, that the spot seen on 
or through the inner membrane of the ovum corresponds ex- 
actly with the cicatricula of the egg. This conclusion is 
grounded, less upon their first close resemblance than on the 








400 Of the Germinal Membraue of the Egg. 


subsequent identity of the parts which replace them; less upon 
either argument than upon both together. The intermediate 
state to the two which I refer to, has not been as yet followed 
out in mammalia. I therefore shall describe the cicatricula in 
the egg, and its first changes, as typifying what analogy renders 
certain occurs in all vertebral animals. 

In the unincubated egg of the 
common fowl, the germ spot, or 
cicatricula, lies immediately upon 
the surface of the yolk: it is cir- 
cular, of a whitish colour, and 
about one-sixth of an inch in 
diameter. The disc of the cica- 
tricula is formed of different-sized 
granules united together, and is 
covered by the proper membrane 
of the yolk. The central part of 
thedisc is thinner and more trans- 
parent than the rest, and has 
been called the colliqnamentum. 

Seven or eight hours after the 
commencement of incubation, a 
small dark line may, with the aid 
of a magnifying glass, be disco- 
vered on the upper part of the 
cicatricula towards the centre of 
the transparent area. This line, 
or primitive trace, delineated in 
the adjoined figure, is swollen at 
one extremity, and is placed in 
the direction of the transverse 
axis of the egg. The rounded 
end is towards the left, when the 
small end of the egg is turned 


from us. 
The cicatricula, germ spot, germinal membrane, or blasto- 


derma, resting in immediate contact with the yolk, now expands 
itself; and at the same time acquiring thickness, it separates, 
towards the 12th or 14th hour of incubation, into two layers of 
granules. Of these, the outer, which subsequently gives rise 
to the osseous, nervous, muscular, and tegumentary systems of 
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the body, is called by Pander the serous layer. The inner, 
situated next to and in contact with the substance of the yolk, 
is termed the mucous. After these two layers have appeared, a 
third is formed in the interval between them: this is called the 
vascular layer; it is generally in intimate connection with the 
mucous layer, and it is to the changes which the two combined 
undergo, that the intestinal, the respiratory, and the glandular 
systems appear to owe their origin. 

The primitive trace is placed in the outer or serous layer. 
About the 18th hour, two ridges are raised from the serous 
layer, one on either side of the primitive trace [the plice primi- 
éive of Pander, the lamine dorsales of Baer]. About the 20th 
hour, the furrow between the ridges is converted into a canal 
open at both ends, by the junction of its margins. The canal 
soon becomes closed at the cephalic or swollen extremity of the 
primitive trace, at which part it is of a pyriform shape, being 
wider here than elsewhere. The following figures represent a 
longitudinal and a transverse section of the triple layers of the 
germinal membrane at this period. 





A represents the serous layer, B the mucous, the intermediate 
dotted line C the vascular. 

According to Baer and Serres, some time after the canal 
begins to close, a semi-fluid matter is deposited in it, which, on 
its acquiring greater consistence, becomes the rudiment of the 
spinal cord. The pyriform extremity, or head, is soon after 
this seen to be partially occupied by three vesicles, which, 
being also filled with a semi-fluid matter, give rise to the rudi- 
mentary state of the enkephalon. Kolando, Prevost, and 
Dumas, on the other hand, suppose that the rudimentary state 
of the brain und spinal cord is constituted by the primitive 
trace itself, which they affirm exists hefore incubation has com- 


menced. 
As the formation of the spinal canal proceeds, the parts of 
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the serous layer which surround it, especially towards the head, 
become thicker and more solid; and before the 24th hour, we 
observe on each side of this canal four or five small, round, 
opaque bodies. These bodies indicate the first formation of the 
dorsal vertebrze : in a few hours several more appear, and those 
first produced become quadrilateral. It is about this time, 
or from the 20th to the 24th hour, that the vascular layer 
appears. 

Towards the 25th hour, when the layers of the germinal 
membrane gradually expanding have covered nearly a third of 
the yolk, they no longer retain their flat and uuiform position, 
but begin to exhibit various folds, which afterwards serve for the 
formation of the cavities of the body. That part of the germinal 
membrane which lies immediately before the cephalic extremity 
of the embryo is bent down into a fold, so as to make a depres- 
sion upon the surface of the yolk ; and some time afterwards, a 
similar fold is formed behind the caudal extremity. As these 
folds of the germinal membrane increase, they gradually turn 
in below the foetus at its head and tail; and their margins 
approach one another under the abdomen, which at this period 
always lies next to the substance of the yolk. As the layers of 
the germinal membrane are bent down in a similar manner 
towards the sides also of the spinal canal, there is formed under 
each end of the embryo a sac or cavity, which communicates 
with the yolk by an opening common to both. The two shut 
_sacs thus formed indicate the rudimentary state of the intestinal 
tube: the anterior corresponds to the wesophageal portion of the 
intestine, the posterior to the lower part of the large intestine. 





In the two preceding figures are given sections, corresponding 
to the last, of this progressive increase. 
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The first rudiments of the heart appear towards the 27th hour 
on the lower side of the oesophageal canal, at the place where 
the layers of the germinal membrane are reflected from the edge 
of the anterior or cephalic end of the embryo. In the fold 
which is formed at this part, the mucous layer [B] is reflected 
farthest inwards; the serous layer advances least; the space 
between them, occupied by the vascular layer, is filled up by a 
dilated part of this layer [H], which is the rudiment of the heart. 

About the same time that the development of these rudi- 
mentary parts of the embryo takes place, the surrounding disc 
of the cicatricula is also considerably changed. The whole 
cicatricula continues to expand, and to cover more of the sur- 
face of the yolk. That part of the mucous and vascular layers 
which surrounds the transparent area, becomes thicker and more 
spongy than the adjacent parts, and is soon studded with 
numerous irregular points and marks of a dark-yellow colour. 
As incubation proceeds, these points become more apparent, 
and are gradually elongated into small lines which are united 
together, first in small groups, and then into one network, which 
is called the vascular area. 

The space occupied by this network is cordiform, and is sur- 
rounded by a vessel gradually developed in the same manner as 
those of the rest of the area. The newly-formed vessels of the 
space become more and more distinct as incubation advances, 
and the orange-coloured fluid they contain acquires a darker 
hue: the small branches of the network arrange themselves like 
the fibrils of a leaf on each side of the embryo, and terminate 





towards the embryo in two vessels arising from its sides, which 
are the omphalo-meseraic arteries. Towards the circumference 
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of the area, the smaller ramifications of these vessels open into 
the sinus, or vena terminalis, which bounds the space. 

Changes parallel to these described in the egg have not been 
observed with equal success in the germinal membrane of 
mammalia ; the grounds upon which we may presume that they 
take place are the following. 

The original parts of the ovum in mammalia appear to be the 
same as those in theegg. The egg consists of two membranes, 
the membrane of the shell and the membrane of the yolk, the 
cicatricula within the innermost. The ovum of mammalie, when 
half a line in diameter, consists of two spherical membranes and 
a germ spot. 

In the egg, the primitive trace is seen in the cicatricula seven 
hours after incubation has begun. Its figure has been already 
given. In the ovum of mammalia, Baer and Prevost and 
Dumas concur in stating, that the first trace of the embryo 
appears like a dark line near the middle of the central transpa- 
parent part, which is exactly as the primitive trace shows itself 
in the transparent area of birds. 

Finally, the disposition of parts in the incubated egg at the 
period to which we have already traced its progress, is closely 
paralleled in the ovum of mammalia at a very early period. 
The adjoined figure, taken from Baer, represents appearances 
strictly comparable to those in the last diagram. 





It represents the ovum of a bitch at the third week ; in which 
are shown, first, the outer flocculent tunic, or chorion; next, 
the yolk bag, or vesicula umbilicalis; and in connection with 
it, the embryo, by this time as in the egg inclined upon its left 
side, with vessels spreading from it to form a vascular area. 

The doubt, if there is room for doubting the correctness of the 
parallel thus instituted, refers to points now passed. Beyond 
these, the closest parity of development obtains throughout ver- 
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tebral animals, arrested only at particular limits to suit the pre- 
scribed organization of each race. 

In unfolding the complicated subject which now opens upon 
our view, I shall adopt the following method. I shall begin by 
describing in succession, the formation of the parts of the em- 
bryo; 1. Of the brain, nerves, muscles, and organs of the 
senses, of the bones and cartilages, and of the integuments—the 
produce of the serous layer; 2. Of the alimentary canal and 
glands, — the produce of the mucous layer ; 3. Of the heart and 
blood-yessels, which grow out of the vascular layer. 

The consideration of the development of the vascular layer 
will on the one hand complete the account of the embryo, and 
on the other lead by a natural transition to the history of the 
production of the remaining parts of the ovum; in explaining 
which, I shall finally transform the ovum from the structural 
character which up to this point will have been attributed to it— 
that namely of a double sac, representing the membranes of the 
egg with the germ laid upon the contained yolk—into the more 
familiar structure of chorion and placenta and umbilical cord, 
and foetus suspended by the latter, and floating in the water of 
the amnios. 

I. The formation of the spinal cord and brain begins upon 
the outer surface of the serous layer. When first seen these 
parts are together a line and a half in length; the cephalic 
extremity is a rounded nodule. Both parts appear at once. 
The brain does not grow from the spinal marrow, nor the 
spinal marrow from the nodule which represents the future brain. 

The spinal cord is at first a membranous tube, the brain 
three vesicles. In these a transparent fluid is contained, from 
which a precipitation takes place of opaque particles connected 
by a viscid transparent substance. The precipitated matter at 
first adheres closely to the membrane ; then gradually loosens 
itself from it. The nervous substance is formed out of the 
primitive or elementary matter of the embryo antecedently to 
the production of those vessels, through which its increase is 
doubtless effected. 

Nervous matter, at first of the consistence of a thick fluid, 
by the third month is evidently composed of two substances : 
one consisting of medullary threads, which by maceration in 
alcohol are displayed in the embryo even more easily than in 
the adult; the other, not fibrous, or filamentous, or fascicu- 
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lated, being that which at a later period assumes a grey or 
cineritious colour. 

The spinal cord and brain are not originally composed of 
symmetrical halves. This character results from the develop- 
ment of additional matter upon their sides. 

The anterior part of the spinal marrow grows more rapidly 
than the posterior part. The development of the sides produces 
a groove open backward. This groove or furrow is visible at the 
sixth week. The gradual increase of the sides spreading 
inwards and finally meeting closes this furrow superficially, and 
converts it by the sixth month into a canal. Afterwards the 
canal itself, by an extension of the same process, becomes 
obliterated. The upper part of the canal is the last to close. 

The spinal cord in an embryo of three months is as long as 
the vertebral column. Soon after this period, the growth of 
the vertebral column gains upon that of the cord; so that at 
the seventh month the cord extends as low only as the fifth 
lumbar vertebra, at the ninth to the second only. 

The enkephalon consists originally in all animals of three 
sacs, which are the rudiments of the medulla oblongata, of 
the tubercles, and of the cerebrum: these are filled with trans- 
parent fluid, and have no disunion in the median plane. Such 
is the appearance of the enkephalon in fish at the earliest 
period, in the embryo of the chick on the second day, in the 
human embryo during the fifth week. 


The two adjoined figures, from 
Tiedemann, represent a back view 
and a side view of the spinal cord 
and brain in an embryo of six 
weeks. 





A. Represents the spinal cord. 

B. The medulla oblongata. 

C. The tubercles. 

D. The cerebrum. 

The two figures which follow successively represent the 
brain as seen from behind and above, at the ninth and twelftt 
weeks, The letters are the same as to the preceding. 

The letter E added in these figures represents the cerebellum. 
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The enkephalon of the embryo is proportionately larger than 
that of the adult. At the fifth month it forms one-eighth, soon 
after birth one-tenth of the entire weight, of which in adults it 
forms one fortieth only. 

The medulla oblongata is more developed than the rest of 
the enkephalon. According to Tiedemann the breadth of the 
medulla oblongata is to that of the cerebrum in the second 
month 1 : 1.25, in the third 1 : 2 or 3, in the fourth 1: 3.2, in 
the fifth 1: 4.8, in the sixth 1:5, in the tenth 1: 5.63, in 
adults 1:6 to 7. Inthe tenth month the medulla oblongata 
has already half the breadth which it attains in the adult. 

In the fifth week, according to Tiedemann, the decussation 
of the pyramids may be seen: about the same time the corpora 
olivaria appear. 

The cerebellum is not an elementary part of the enkephalon. 
It is produced by an extension of the lateral parts of the 
medulla oblongata or of the corpora restiformia, in the egg of 
the common fowl on the fourth day, and in the human embryo 
about the seventh week. The cerebellum at its commencement 
consists of two processes, which meet but do not join as yet 
over the medulla oblongata. These two lateral processes in the 
human embryo coalesce about the beginning of the third month, 
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and enclose a space [the future fourth ventricle] between the 
cross band which they form and the medulla. The corpora 
fimbriata appear in the fourth month in the form of shut sacs 
or bladders: they are rich in blood-vessels. As they increase, 
now in the fifth month, the hemispheres of the cerebellum begin 
to be developed, and at first towards the fore part principally. 
Additional layers of nervous matter are now produced, and the 
mass divides itself into the rudiments of five lobes. The trans- 
verse furrows which separate the lobes are first visible upon the 
middle part or the future vermiform processes. In the sixth 
month more furrows are traced upon the surface, and the lobes 
divide themselves into lobules. In the seventh month the 
furrows become deeper and more numerous: the flocks and the 
inferior medullary velum appear at this time. In the ninth 
month the development of the hemispheres is nearly completed 
by the additional growth of the posterior and inferior surfaces. 
In the tenth month the superficial furrows, and the lamine 
which they include, appear. The almond-like lobes are finally 
developed, and the distinction between white and grey matter 
is seen. 

The pons Varolit appears at the beginning of the fourth 
month. The first part developed is the posterior portion, so 
that at first the fifth nerve has its origin before the pons. 

The cerebellum does not keep pace in proportional volume in 
foetal life with the other parts of the enkephalon ; and if its 
inward structure is earlier perfected, this must be attnbuted to 
its simplicity. 

The tubercles, original elements of the central organ, form at 
first a single bladder filled with transparent fluid. By the 
sixth to the ninth week this appearance has changed into two 
lateral plates resting upon the crura cerebri, and divided above 
and in the middle by a broad furrow. At the end of the third 
month the two lateral plates having bent over, meet in the 
median plane, and at the same time the upper pedicles of the 
cerebellum stretch forward to be incorporated with them. In 
the fourth month the permanent median furrow shows itself. 
In the sixth month the tubercles are covered with the cerebrum : 
their substance enlarges, and is clad with a layer that is not 
fasciculated, but as yet is of a grey colour. In the seventh 
month the transverse furrow which divides the tubercles into an 
upper and lower pair arises. The tubercles, in comparison 


Develupment of the Cerebrum. 409 


with the brain, are the larger the younger the embryo. Before 
birth, they attain more than half their final size. 

The white inferior fasciculi of the crura cerebri grow cénsen- 
taneously with the inferior or anterior fasciculi of the cord, of 
which they are the cerebral productions. They are at first large 
in proportion to the cerebrum. The cylindrical layer, which is 
placed upon them, begins to appear about the fourth. month. 
This at first consists of two lateral parts, the furrow between 
which leads along the infundibulum to the pituitary gland. The 
pituitary gland contains a cavity which remains open to the 
sixth month. This cavity may be regarded as the anterior termi- 
nation of the canal, which from thence extends backwards the 
whole length of the spinal marrow. The pituitary gland at 
four months is in length, compared with the brain, as 1 : 9.5; 
at seven, as ] : 16; in the adult, as 1: 18; showing therefore 
in the early human embryo a development like that which it 
permanently retains in the lowest vertebral animals. 

The thalami nervorum opticorum and the corpora striata 
show themselves at the eighth week, as swellings upon the 
crura cerebri. The thalami are of a reddish hue. The poste- 
rior commissure is formed in the third month ; the soft commis- 
sure in the fourth. The corpora striata, originally narrower 
and not much longer than the thalami, soon outgrow tliem. 

In the third month either hemisphere consists of a thin 
layer, which covers the outer and fore part of the corpus stria- 
tum. By the end of the third month the hemispheres extend 
backwards over the thalami. In the fourth month they reach 
the tubercles ; in the sixth, the fore part of the cerebellum. 
The fasciculated structure of the brain is even more distinct in 
the foetus than in the adult. 

The commissural parts of the brain begin to appear in the 
third month. It is far from improbable that the conjecture of 
the Wenzels is right, that the corpus callosum is formed by the 
union of two processes of medullary matter meeting at the 
raphe. The fore part of the corpus callosum is the first to 
appear. The fore part of the fornix appears at the same time, 
its anterior cornua stretching downwards, and terminating in 
the thalamus. The anterior commissure appears in the third 
month. 

_ The convolutions of the brain are seen first at the fifth 
month; they are at that time formed upon the inner surface 
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and upon part of the upper surface of the cerebrum. In the 
seventh month they spread over its outer surface. 

Of the ventricles of the brain, the first appearance of the 
third, and its closure above by the formation of the soft com- 
missure, may be considered to have been already described. 
The lateral ventricles, which when first formed are open inwards 
and upwards, begin to be closed above at the end of the third 
month by the corpus callosum, the completion of which towards 
the eighth month shuts them in this direction. The formation 
of the septum lucidum begins in the fifth month. The relative 
size of the lateral ventricles is greatest at the sixth month. 
The central organ is originally of one colour, a pearly grey. 
The distinction between white and grey substance is first 
visible in the spinal marrow ; in which, at the seventh month, 
the coloured nucleus prescnts a deeper shade even than after 
birth. The pyramids and olivary bodies become white after 
birth, as well as the exterior fibres of the annular protuberance 
and of the pedicles of the cerebrum. But the productions of 
these parts into the cerebrum and cerebellum hecome white 
before birth, leaving however the superficial cineritious matter 
of disproportionate thickness. The medullary line which di- 
vides the cortical matter into two layers appears after birth. 

It is a question yet unresolved, whether the nerves in gene- 
ral are formed in their entire length at once, or, if not so formed, 
are growths from the central organ towards the circumference, 
or the reverse. But it is certain, that the optic, and auditory, 
and olfactory nerves are productions of the cerebrum. They 
are originally tubes that grow from the sacs of the en- 
kephalon. 

In the instance of the optic nerves, the tractus optici are 
seen first to grow from the enkephalon, then to meet and form 
their commissure, and finally to push out the nerves. It is 
therefore presumable upon analogy, that the other nerves are 
likewise from the first in absolute continuity with the cord, 
although the extreme delicacy of their roots may elude obser- 
vation. The extraordinary circumstance observed by Magen- 
die in the lamprey, is the only fact which throws a doubt upon 
this conclusion. In the lamprey, while the cerebral nerves 
distinctly rise from the enkephalon, the spinal nerves cannot 
be traced further than tothe theca. I have carefully examined 
this point in the lamprey the instant after it has been killed, 
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and am certain that no visible continuity of filament ex- 
tends in it between the membranes of the cord and the cord 
itself [vide foot-note to page 248]. 

The muscles become visible in the human embryo at the 
third month: they are then soft and gelatinous, transparent, of 
a light-yellow tint, and not distinguishable from their ten- 
dons. Their fibrous structure is evident after maceration in 
alcohol. In the fourth and fifth months the muscular fibres 
become more distinct, and of a redder colour: the tendons, on 
the othgr hand, become whiter. The muscles appear in diffe- 
rent parts at different periods. They are first formed on the 
back and shoulders. Those of the upper arm and of the thigh 
are formed before those of the fore arm and of the leg. Each 
muscle is formed at once in its whole length, with its attach- 
ments perfect. 

There is a close relation between the development of the 
muscles and of the nerves. In defective births, where the 
brain, spinal marrow, and nerves are wanting, the muscles like- 
wise are wanting, and in their place a gelatinous filamentous 
tissue is found. In acephalous foetuses, where part only of the 
central organ is formed, muscles are formed in particular parts 
only. 

Of the organs of the senses, the eye is the first to appear. 
The human embryo has not been seen without eyes. Their 
growth is rapid. At first, as in most animals so in human 
beings, their place is on the side of the head: they sub- 
sequently move forward. The eyes, according to Baer’s obser- 
vations, are productions of the brain; their first element being 
a hemispherical mass on the end of the optic nerve, which is 
the retina. The retina is at first of great thickness, and folded: 
its subsequent increase is therefore less than that of other parts. 
It enlarges its surface by becoming thinner, and spreading its 
folds. At the sixth month the permanent fold of the retina 
corresponding with the visual axis is distinguishable. 

The hamours of the eye do not grow from the retina; for 
they have been found where the retina was wanting. At the 
seventh month the vitreous humour is turbid; it gradually 
becomes transparent. The lens is globular, originally very 
large, soft, untransparent, milk white; it then becomes red- 
dish, and gradually smaller, flatter, more consistent, and more 
transparent, The cornea is originally indistinguishable from 
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the sclerotic: both have an equal degree of opacity. At the 
sixth month the cornea becomes thinner, denser, prominent, 
and transparent. The eyelids are formed by the tenth week, 
when their edges touch and adhere. The line of their separa- 
tion is distinctly marked at the fifth month, when the tarsal 
cartilages are formed: their separation is complete in the 
eighth month. The third eyelid is larger than in adults. The 
caruncle is seen at the eighth week, when the eyelids are 
beginning to be formed; and at the same time a depression is 
seen towards the nasal cavities and mouth, marking the place 
of the future lachrymal duct. The puncta are prominent in 
the fifth month. They are something drawn back in the 
seventh. 

The chorioid must be viewed as a production of the vascular 
layer of the embryo. The pigment which it forms is visible in 
human beings as early as the fourth week. It is then granular 
and coherent, so as to appear a second membrane. It does not 
acquire in the foetus the blackness it has after birth. The 
ciliary body is formed at a later period, as it has been already 
observed. The iris appears yet later; it is at first narrow, and 
not coloured: it gradually acquires breadth, forms the pupil, 
and begins to be coloured from its inner margin. At the 
seventh week the aperture of the iris is closed, and the anterior 
chamber of the aqueous humour has no outlet. This chamber 
now becomes universally lined with a serous membrane, the 
fore part of which adheres to the cornea, the back part to the 
iris. The membrana pupillaris is a production of the posterior 
surface of the iris. It is distinguishable by the eleventh week. 
In the fifth month it becomes replete with vessels produced 
from those of the iris. These do not completely reach the 
middle of the membrane. The membrane is perfected ut the 
seventh month. In the eighth it becomes partially absorbed, 
and disappears completely before birth. Tull its absorption, 
the lens rests against it. The aqueous humour secreted by the 
membrane of the anterior chamber then gains admission into 
the posterior chamber. During the foetal state, the aqueous 
humour is reddish, and not quite transparent. 

The organ of hearing, according to Baer, appears soon after 
the first appearance of the eye. What is first seen is the pro- 
duction of a hollow nerve from the medulla oblongata, which 
stretches into the soft cranial wall. Upon this the vestibule ts 
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formed. By the beginning of the third month the cochlea and 
semicircular canals are added. These parts are covered with a 
membrane, which disappears in the seventh month. Around 
the labyrinth jelly is first deposited ; cartilage begins to form 
in the third month, which is distinct from that of the petrous 
portion of the temporal bone, and develops ossific points earlier 
than the latter. It is completely ossified in the seventh or 
eighth month, and then becomes united with the petrous por- 
tion. The commencement of ossification appears at the same 
time in the three parts of the labyrinth; namely, at the end of 
the third month. The ossification of the cochlea begins at the 
circumference of the fenestra rotunda. The spiral plate is the 
part last formed. The ossification of the vestibule commences 
at the circumference of the fenestra ovalis: it is completed in 
the fifth month. Of the semicircular canals the upper vertical 
is the first ossified, then the lower, then the horizontal, the turn 
of which is delayed till the fifth month. The tympanum is at 
first proportionally small, and filled with reddish, thick, gelati- 
nous liquid. In the eighth month it has acquired its full size. 
The Eustachian tube appears at first as a wide opening from 
the throat; its cartilaginous part appears in the fifth month. 
The ossicula audits appear in the ninth week, and are cartila- 
ginous at the beginning of the third month. Shortly after- 
wards ossification begins in the incus and malleus; later in the 
stapes: it is completed in the seventh month. The stapes ossi- 
fies first in its base, last in its capitellum. The malleus, like 
the incus, ossifies first in its head; a second point of ossification 
afterwards forms in the root of its anterior process, of which 
the long and pointed cartilaginous end is then absorbed. 
The ossicula audits are before birth as large as in the 
adult. 

The ring of the tympanum appears in the second month: it 
begins to ossify at the end of the third. It is incomplete at its 
upper and fore part. It continues to increase till the seventh 
or eighth month, becomes more elliptical, and ends by coa- 
lescing at its two points with the root of the zygomatic process 
of the temporal bone. The membrana tympani is more oblique 
in the embryo than in adults. 

The outward aperture of the ear shows itself as a fine point 
or slit in the sixth week, which gradually extends inwards, and 
reaches the membrana tympani, At the eleventh week it 
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closes however temporarily by means of a membranous plug. 
The outer ear commences in the eighth week as a flat fold of 
integument, in which the cartilage begins to form towards the 
end of the third month. At first the middle parts of the helix 
and antitragus are formed, then the tragus and antihelix; in 
the fifth month the concha; in the sixth the upper part of the 
helix, and the lobe of the ear. The ear then detaches itself 
more from the head. At birth the cartilage does not ade- 
quately fill the skin. 

The organ of smell, at first a cylindrical production of the 
cerebrum, is produced towards the anterior extremity of the 
mucous layer, where it forms the common cavity of nose and 
fauces. In the third month this cavity is divided into two by 
the formation of the palate, and the nostrils are further sepa- 
rated by a septum, in which the vomer becomes ossified in the 
fourth month. The nose appears in the eighth week. Its 
openings are closed by a production of integument, which dis- 
appears again in the fifth month. 

The substance of the bones is at first an homogeneous jelly, 
which forms itself out of the granular material of which the 
embryo consists. The spinal column is at first such a jelly 
inclosed in a membrane, with no distinction of separate verte- 
bree. The bones of the limbs are in like manner preceded by a 
jointless gelatinous substance. The jelly gradually becomes 
cartilaginous, the conversion taking place from the surface 
inwards. Cartilage is first seen in the human embryo in the 
fifth week, when it appears in the bodies of the vertebra, and 
in the ribs and sternum. The first rude subdivision of parts of 
the future skeleton now takes place. One hollow cartilage 
forms the head; another the pelvis. Each cartilage has its 
covering of fibrous membrane upon which blood-vessels are 
formed, which enter into and ramify on its substance. The 
presence of red blood is a condition necessary to ossification. 
In this process the cartilage disappears, and is replaced by 
threads of inflexible matter, which form a network or cellular 
structure. This change looks like a crystallization of bone 
earth in the interior of the cartilage. Two facts particularly 
deserve attention in it: one is, that the ossified plate or nucleus 
is easily separable from the cartilage which contains it; the 
other is, that when the bone earth has been removed by chemi- 
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cal re-agents, the animal structure which remains differs from 
cartilage. 

Ossification begins in the human embryo in the seventh 
week. 

In the following instances ossification takes place from a 
single point;——in the parietal bones, palate bones, malar 
bones, nasal bones, lachrymal bones, turbinated bones, clavi- 
cles, patelle, in the bones of the carpus and tarsus with the 
exception of the os calcis. 

Ossification takes place from two points, in the frontal bone, 
the vomer, the under jaw. In these instances the two points 
of ossification are on either side of the median plane. In other 
instances of a double centre of ossification, one ossified point 1s 
behind or above the other: this happens in the os calcis, the 
tarsal and carpal bones, and the phalanges. 

Ossification takes place from three points, forming a middle 
and two sides, in the vertebrea and in the ethmoid bone: from 
three points, forming a shaft and two epiphyses at the same 
end, in the ribs; or with an epiphysis at each end, in the 
radius, tibia, fibula. Ossification again takes place from three 
points in the upper jaw. 

Ossification takes place from five points in the scapula, ulna, 
femur, os innominatum, and in the second and seventh cervical 
vertebree ; omitting in the last two instances, as in the fore- 
going account of the other vertebree, the epiphytic rims and points 
of bones, which ossify independently some years after birth. 

Ossification takes place from seven points in the humerus, 
from eleven in the occipital bone, from fourteen in the sphe- 
noid, from twenty-one in the sacrum, and from an irregular 
number in the sternum. The nuclei gradually extend, and 
when they meet coalesce; by which means during fcetal life 
the eleven elements of the occipital bone are reduced to seven, 
the fourteen of the sphenoid to three. 

In the human embryo the first ossific point appears in the 
clavicle towards the end of .the second month; the next in the 
lower jaw, the next in the upper jaw, the next in the femur. 
During the first half of the third month ossification begins in 
the frontal and occipital bones, in the upper arm and fore arm, 
leg, scapula, and ribs. During the second half of the third 
month, in the temporal, sphenoid, malar, parietal, nasal bones ; 
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in the vertebre, carpus, tarsus, and in the third phalanges. 
During the fourth month in the vomer, in the first and second 
phalanges, and in the ilium. During the fifth month in the 
ethmoid, and lachrymal, and turbinated bones. In ¢':e seventh 
month in the os hyoides and ossa coccygis. The order in 
which the bones are ossified is not that in which their carti- 
lages are formed : it has relation to the development of the vas- 
cular system. Thus at remote points parallel ossifications take 
place at the same time: and it deserves to be remarked, that 
in general the lateral ossifications take place the first; as if the 
force of vascular production were greater in the sides than 
towards the centre of the system, which it thus seems slowest 
mreaching. The best illustrations of this principle are met with 
in the ossification of the true vertebre, of which the arches are the 
first to become bone ; and in that of the ethmoid, in which the 
lateral parts are first ossified ; and in those instances among the 
symmetrical bones, in which ossification begins in pairs of 
nuclei on either side the median plane. 

The bones of the embryo are flexible and of a reddish-grey 
colour, from their greater quantity of animal substance and 
greater vascularity. The periosteum is thicker, more vascular, 
and more easily separable than in the adult. 

The epiphyses, or marginal and terminal cartilages which 
ossify separately, are continually encroached upon [and ab- 
sorbed] through the extension of the body or shaft of the bone, 
towards which they present a concave surface, into which pro- 
cesses of this central part of the bone grow. 

In the long bones the medullary cavity is early visible, closed 
only towards the ends by cancellated structure, in the cells of 
which a reddish gelatinous marrow is formed. In the flat bones 
there is neither marrow nor diploe during feetal life. 

Before birth ossification has not begun in the upper cornua 
of the os hyoides, in the patella, in the lower ossa coccygis, 
in the four upper carpal bones, and in the trapezium and 
trapezoides, in the naviculare and cuneiform bones of the 
tarsus. 

In parts of other bones the following ossific nuclei are want- 
ing: the vertical plate of the ethmoid; the processes of the 
scapula; the upper epiphysis of the humerus, of the femur, and 
of the digital phalanges: in the tibia, as in the tarsal and meta- 
tarsal bones, the lower epiphyses: in the ribs the capitellum : 
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in the ulna, radius, and fibula, both epiphyses: in the atlas, 
the body. 

The vertebral column, according to Beclard, begins to ossify 
at its mid le: by the tenth week the bodies of twelve vertebrea, 
from the fifth dorsal namely to the fourth lumbar, contain 
points of ossification: in the eleventh, seven are added above, 
one below: in the fourth month two more above, the third and 
fourth cervical, and below, the four uppermost sacral; in the 
sixth month the fifth sacral; in the seventh the second cervical ; 
in the ninth the atlas and the first coccygeal bone. 

The vertebral column is at first straight. By the end of the 
second month the sacrum begins to be thrown backward. Till 
the third month the sacrum projects forming the coccygeal pro- 
tuberance, analogous to the tail of fishes; it then shrinks within 
the growing pelvic extremities. 

The embryo at first appears to have no neck. The heart is 
as yet, where in fish it remains permanently, in the neck. As 
the parts of the throat are developed, the lateral processes of 
the cervical vertebree grow, and the heart sinks into the chest. 
The ribs appear in the sixth week as white streaks in the walls 
of the chest. Their ossification, which goes on rapidly, begins 
at the commencement of the third month. The sternum is 
short in the eighth week, and consists of two parts, the ensi- 
form cartilage one, the handle and body the other. Ossification 
begins in the handle in the fifth month by two nuclei, one 
above the other. The upper segment of the body soon after 
ossifies, and generally from one point; the following shortly 
after, and often from two points: the next, in the sixth to the 
cighth week ; the lowermost in the ninth. 

The diaphragm begins to appear in the third month, as a 
thin membrane without fibres: these are first seen in the fourth 
month: the tendinous part for a long time is disproportionately 
large. The parietes of the abdomen are a transparent mem- 
brane in the sixth week; in the seventh this membrane be- 
comes opaque. The opening of the navel, at the beginning 
of the second month is at the lower part of the trunk: it rises 
as the hypozastric region becomes developed. 

The integument, the outermost foetal product of the serous 
layer, does not acquire a proper strength till the middle of the 
foetal period. The epidermis shows itself at the end of the 
second month. The rete mucosum does not begin to appear 
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till some days after birth. At the end of the fifth month the 
body is covered with a fine covering of short, whitish, silky 
down, or lanugo: this begins to disappear in the seventh month. 
The hair of the head and of the eyebrows appears in the sixth 
month; at the same time the nails are formed. About the fifth 
month there appears upon the body a yellowish-white greasy 
substance, at first thinly spread, afterwards increased to a con- 
siderable quantity. This is called the vernix caseosa: it is 
insoluble in alcohol, oils, or water; but some alkalies dissolve 
a part of it, and form with it a kind of soap: it is found.on the 
surface of the child alone. 

The limbs are formed originally below the skin, which they 
reach, pushing out like little globular shoots, in the sixth week. 
Even when their completion is considerably advanced, the 
upper parts of the humerus and of the femur have not obtained 
a cylindrical covering of skin, but are still belowit. This condi- 
tion, by an arrest of development, becomes sometimes perma- 
nent in man, and it is usually permanent in mammalia. When 
the fingers are first formed they are contained in a common 
mitten of skin, which gradually becoming thinner between 
them forms a web, which is finally absorbed. 

In vertebral animals the production of the limbs takes place 
in the following manner. The interior jelly, when it has attained 
a certain length, divides itself into two parts; an upper or 
cylindrical part, a lower or flat part. The cylindrical part then 
divides into arm and fore-arm, thigh and leg; coeval with this 
separation is the commencement of synovial membranes, cap- 
sular membranes, and ligaments. The segments of the limbs 
are thus formed by spontaneous division, not by the growth of 
one upon another. Hence it follows, that any intermediate 
part or segment may be left out, and the limb be deficient 
either in the bones of the arm, or in the scapula, or in the wrist 
bones. 

The limbs are originally very much alike, and distinguishable 
only by their situation. In the newly-born kangaroo the arms 
are as large as the legs. In batrachia the abdominal limbs 
have the earliest growth: in fish the pectoral limbs on the other 
hand have the advantage, with an evident reference to their 
importance to the animal. 

In the human embryo the arms are developed earlier than 
the legs. The swelling in the spinal marrow corresponding 
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with the origins of the brachial nerves is greater than that for 
he crural nerves. The clavicle ossifies in the seventh weck, 
and is for some time the largest bone in the body, being four 
times as large as the thigh. The scapula ossifies soon after- 
wards; the hip-bone not till the fourth month. At this time 
the pelvis is small, while the shoulders are fairly spread out. 
The shoulders are, at the end of utero-gestation, four and a 
quarter to four and a half inches broad; while the breadth 
across from one trochanter to the other, is but three and a 
quarter to three anda half. The femur in the eighth week is 
entirely below the skin, while the upper-arm is already de- 
tached. The carpus ossifies earlier than the tarsus, and the 
fingers divide themselves and ossify earlier than the toes. 
Nevertheless, the epiphyses at the knee and the os calcis ossify 
earlier than the brachial epiphyses and the tarsus. At the 
fourth month the inferior extremities are as strong as the upper, 
and acquire by the fifth month more muscular substance than 
the latter; the hips enlarge, the thigh becomes more fleshy, 
and the calves are formed. When the muscles become deve- 
loped, the limbs become bent in consequence of the greater 
force of the flexors. The limbs originally grow straight out 
from the trunk. The upper arm then is laid against the breast, 
the fore-arm drawn upward: the thigh is bent up to the belly, 
the leg drawn backwards towards the thigh, and the feet 
turned in. The digits in the ninth week are spread out, in the 
twelfth closed. As the hands are laid upon the neck and under 
part of the face, so the feet are crossed, with the soles turned 
inwards. 

When an ovum of any magnitude is examined, the embryo is 
seen suspended by the umbilical cord, and floating in a liquid 
contained in a loose bag, which is called the amnios. The 
present is perhaps the best occasion for describing the origin 
and nature of the amnios. 

The amnios is a shut sac resembling a serous membrane, and 
is the outermost product of the serous layer of the germinal 
membrane. To form this sac a membrane is reflected from the 
sides and from either extremity of the embryo, so as to enclose 
a space behind its frame. This does not take place, according 
to Velpeau, till after the twelfth day: up to that period, in the 
human embryo, the amnios has no existence. Towards the 
eighteenth day the same author found it as a bladder, three 
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lines in diameter, placed upon the back of the embryo, and 
continuous with its ends and edges. 

As the walls of the trunk close in front, the circle at which 
the amnios is attached to the body of the embryo becomes pro- 
portionately contracted. It is finally limited to the edge of the 
umbilical opening. At this point it begins abruptly where the 
cutis and epidermis terminate ; and having invested the umbi- 
lical cord, it spreads out from the placental end of the latter 
into that ample sac, as which its appearance is familiar to every 
student of physiology. 

II. The inner or mucous layer of the germinal membrane is 
supposed, upon the analogy of its office in oviparous animals, 
to form in mammalia likewise a sac containing a yolk. Now 
in the chick, while the inner or mucous layer of the germinal 
inembrane is on the one hand expanding over the yolk, it is 
observed on the other to become curiously contracted towards 
the body of the embryo into an oblong chamber, which is of 
course open to the general vitelline sac. This chamber extends 
the whole length of the embryo as a furrow. Jt represents the 
future alimentary tube; and hence the term intestinal vesicle is 
given to the entire pouch out of which it was taken, and of 
which it now forms a partially-separated chamber. 

This furrow or rudimental alimentary canal acquires, by the 
growth of its sides, at first the shape of a canoe or wherry, 
either end being bent forward by the inclination of the head 
and of the caudal extremity. The open furrow has then its 
sides drawn together so as nearly to meet, except in the middle, 
where both ends communicate by a common opening with the 
vitelline sac. At this point likewise, by a central elongation 
and projection of the canal, both parts point forwards to the 
common opening, one part representing the upper, the other 
the lower half of the alimentary canal. Finally, the two canals 
are completed by the closing of the linear furrow: they remain, 
however, open towards the vitelline sac, as already described, 
and the neck of communication is elongated. 

In the relation of the intestinal vesicle in birds to the yolk 
and to the alimentary canal, three points especially deserve 
attention. 1. From the great size of the yolk, the mucous layer 
has not extended itself round it, when the formation of the 
furrow representing the future alimentary canal is required to 
begin. 2. The communication between the yolk and the ali- 
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mentary canal does not become interrupted : but, 3dly, towards 
the close of incubation the yolk-bag is drawn into the belly of 
the chick, that its contents may be used as nourishment. 

Now in mammalia, in which a different provision is made 
for the nutrition of the mature embryo, a quantity of fluid 
equal or proportionate to the yolk is not needed. Accordingly, 
the ovum of mammalia is cast in the smallest mould, and thie 
primitive trace is formed on a diminutive vesicle. That vesicle, 
however, is supposed to contain a yolk, and that yolk to be 
enclosed within an extension of the mucous layer of the ger- 
minal membrane. If this supposition be just, and it is founded 
upon a strong analogy, the vitelline sac in mammalia displays 
this remarkable difference from that in birds—it enlarges with the 
growth of the embryo. In man it attains a diameter of six lines. 

The discovery of the intestinal vesicle in mammalia was made 
by Bojanus. He found in the ovum of the sheep a sac commu- 
nicating by a neck with the intestinal canal. 

A second point of difference in the intestinal vesicle of mam- 
malia from that of birds is, that the tube of communication 
between it and the intestine early becomes obliterated. The 
obliteration takes place, according to Velpeau, in the sixth 
week. Through this circumstance it was that the nature of the 
intestinal vesicle in mammalia for a length of time escaped dis- 
covery ; fer its existence as a small isolated sac under the name 
of vesicula alba was well known to anatomists ; and Hunter had 
even seen it filled with the same fluid as the alimentary canal, 
but connected to it by an impervious thread. 

In a remarkable specimen, in the museum of the Middlesex 
Hospital, prepared by Mr. Sweatman, to which I have al- 
ready adverted, and shall again advert, the connection of the 
vesicula alba with the alimentary canal is beautifully shown. 
The vesicle lies immediately without the amnios; the whole 
length of the thread leading from it is an inch and a quarter ; 
the length of the umbilical cord is #3 of an inch: the vesicle is 
pear-shaped, #3 of an inch in its long diameter, #s across. The 
filament of the vesicle joins the duodenum close upon what 
seems the pylorus, or at about ssth cf an inch from it. It is 
supposed that this embryo was about two months old at the 
period of the sudden death of the mother. 

The third and final point of distinction between the intestinal 
vesicle in mammalia and birds is, that the vesicula alba in the 
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former, instead of being in the end drawn into the body of the 
embryo, as happens in the chick, remains without it in the 
membranous appendages of the ovum, and finally wastes, and 
disappears by the third month. 

We may now trace the development of the alimentary canal. 
The mouth becomes open in the sixth week ; the anus at the 
seventh. The source of the imperforate anus becomes thus 
apparent. 

The mouth at first is a long transverse fissure without lips : 
these appear in the ninth week. The tongue begins ‘to be 
formed in the seventh week: in the ninth week it is large, 
broad, cylindrical, and projects out of the mouth, into which it 
is withdrawn in the fourth month; at the same time its papille 
appear. The palate is formed of three pieces on each side, 
which unite in the twelfth week: the soft palate is constructed 
in the same manner of lateral parts; hence the congenital mal- 
formation, consisting in fissure of the hard and soft palate. 

The stomach, as the alimentary canal lengthens and unfolds 
itself, is at first vertical and cylindrical, and scarcely distin- 
guishable from the cesophagus and intestine. In the ninth 
week, however, its fundus begins to project to the left side, 
although as yet its left edge is part of a straight line continuous 
with the cesophagus and intestine. At the end of the third 
month the pyloric extremity developes itself, and thé viscus is 
disposed obliquely across the spine. In the fourth month the 
constriction at the pylorus begins to appear. 

The small intestine is the part of the alimentary canal with 
which in all vertebral animals the yolk sac communicates. 
According to Burdach this communication takes place mot at 
the commencement as above stated, but at the middle of the small 
intestine; and in mammalia It is situate at a point even nearer 
to the great intestine. The small intestine is at first of the 
same diameter with the great: it then becomes larger: it 
afterwards contracts in proportion as its calibre increases in 
length. The small intestine is besides originally shorter than 
the great, but it soon acquires its proportionate length, or even 
exceeds it. 

The great intestine becomes at first proportionally longer and 
larger than in the adult. The cecum begins to appear at the 
seventh month as a small projecting sac, marking the distinc- 
tion between great and small intestines. 
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The appendix ceci vermiformis appears in the seventh week, 
at first it is as large as the small intestine, and proportionately 
longer than in the adult. At the fourth month it becomes nar- 
rower and contorted. The transverse sacculation shows itself 
in the colon at the end of the fifth month. 

The alimentary canal at first consists of an uniform, soft, 
granular substance, which gradually separates into two layers, 
the mucous and the muscular. The villi, according to the 
observations of Meckel, are formed in the following way. The 
inner gurface of the alimentary canal is raised into fine longitu- 
dinal ridges of mucous membrane: these at the commencement 
of the third month become indented or toothed at their unat- 
tached margin; the projecting points are the villi. In the 
fourth month they are proportionately larger than in adults. 
Although developed both in the stomach and small and great 
intestines, yet even in the third month they are visibly shorter 
and smaller in the latter; and by the eighth month they have 
disappeared. 

The valvulee conniventes do not appear before the seventh 
month, and till the time of birth they are confined to the upper 
part of the small intestine. 

In the preceding brief description of the development of parts 
of the alimentary canal, the mucous tube has been represented 
as elongating itself here and there into pouches: the fundus of 
the stomach, the cecum, the appendix cecil, are parts of this 
nature. Now the conglomerate glands have a similar origin. 
Weare indeed in some degree prepared for this by the structure 
of the glandule: muciparee in the higher animals; and by find- 
ing the pancreas in fish, and the salivary glands and biliary 
organ in articulated animals no more than pouches communi- 
cating with the alimentary tube. 

The following is the manner in which the salivary glands are 
developed. A small mass of primitive matter is seen adherent 
to a part of the alimentary canal: into this one or two tubes, 
which communicate at their origin, extend from the mucous 
canal. The blind end of each tube is dilated into a spherical 
pouch. From the sides of each tube other tubes grow out, of 
similar character to the first. At first there is no difference in 
the appearance of the tubes, and their terminal bulbs; but 
after a little, the latter thickening become of a milk-white 
colour, the former a clear opal. In this manner the structure 
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of the entue gland is completed. The proportionate sizc of the 
tubes and bulbs is greatest at first. According to Burdach, in 
sheep and swine the pancreas appears the first of the salivary 
glands, then the sub-maxillary, and afterwards the parotid: 
the two former appear at the same time with the thyreoid, and 
something later than the liver and spleen. There is this dif- 
ference m the structure of the parotid and of the pancreas 
which has an evident relation to the shape of each: in the latter 
the tubes are longer, and diverge at acuter angles, than in the 
former. . 

The liver is formed in the seme manner as the pancreas, by 
tubular productions from the upper part of the small intestine. 
Accordingly in acephalous feetuses, in which the upper part of 
the alimentary canal is wanting, the liver is found to be wanting 
likewise. The liver is formed upon two tubes, which originate 
out of the intestine. In the crab the two livers remain perma- 
nently separate; and in man, at first, there is not that differ- 
ence in the relative size of the two lobes which is visible after- 
wards. The liver in the human embryo at the third month is 
soft and pap-like: it shortly afterwards becomes firmer, gra- 
nular, dark-red, and even more vascular than it appears to he 
after birth ; probably because, in addition to the blood of the 
spleen and of the bowels, it receives a supply from the umbi- 
lical vein. Its size at an early period is so dispropottionate, 
that whereas in the adult it 1s to the whole body as 1: 36, 
shortly before birth it is as 1 : 18, and at the end of the first 
month as 1: 3. In the first month the liver occupies the under 
half of the trunk, as the heart the upper. In the second month 
the liver reaches the ilium: it is then gradually elevated by the 
increasing growth of the lower part of the frame. 

The gall-bladder is formed originally lke the elementary 
tubes of the liver by a tubular extension of the mucous surface 
of the intestinal canal; but not being received into a mass of 
elementary matter, it enlarges into a simple sac. Between the 
second and third month it 1s an empty canal. It slowly changes 
from the cylindrical figure to that of a pear. After the fourth 
month mucus is found in the gall-bladder. Bile is found in the 
alimentary canal at this time; but not in the gall-bladder till 
the seventh month. 

The reticulated folds in the gall-bladder appear in the sixth 
month. The openings of the ductus choledochus and pancreas 
are at first at some distance apart, and project into the intestinal 
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canal. After the fifth month they gradually approximate, and 
are drawn inwards. 

The lungs may be viewed as another expansion of the mucous 
layer of the germinal membrane: they begin to appear in the 
chick at the third day, in the human embryo about the sixth 
week, Burdach conjectures with great plausibility, that the 
lungs grow from the back part of the cesophagus, and gradually 
advancing on either side of the aorta, at length surround the 
latter. Burdach observed the lungs in very young mammalia 
to consist of a single mass, in which the rudiments of the 
bronchi were contained. Through the middle of this mass, 
however, a spongy partition of membrane could be traced. The 
separation of the lungs into two begins from behind by the 
absorption of the layer of membrane above described. A strong 
bridge of communication is thus left in front of the lungs, which 
remains for some time, and in which the divisions of the wind- 
pipe are contained. While the lungs are being developed, this 
commissure remains spongy and membranous: it is finally ab- 
sorbed. The lungs are perfected first at the back part. The 
lungs at first occupy the lower and back part of the chest, 
being placed below the heart: they gradually extend forwards 
and upwards, so as at length to cover the heart. Their weight, 
according to Mechel, at the tenth week, compared to that of 
the whole frame, is as 1 : 25 or 27, in the twelfth week as 1: 43, 
in the seventh month as 1:75. They grow rapidly upon their 
first appearance, and are then specifically heavier than after- 
wards. 

The surface of the lungs in mammalia is at first smooth, but 
afterwards is raised into wart-like elevations. These elevations, 
which mark the future lobules of the lungs, become gradually 
less prominent. Before their appearance, Meckel observed the 
furrows to be traced by which the lungs are eventually divided 
into lobes. In very young embryos, Burdach found the lungs 
toconsist of a thick and homogeneous jelly. In embryos 
something older, the same physiologist found the original jelly 
of the Jungs interspersed with small firm corpuscles, with their 
base outwards, and their points turned inwards and adhering 
to the branches of the windpipe. These corpuscles soon after 
their first appearance become hollowed into cells, their num- 
bers increase, the jelly which unites them becomes a. close 
and filamentous tissue, and is permeated by increasing blood- 
vessels. The lungs, at first white, ussume a shade of red in 


426 Of the Wolffian Bodies. 


the fourth month. In the sixth month they allow air to be 
blown into them. 

The windpipe in mammalia appears originally of a soft tex- 
ture, and is flat. Its walls are thick in proportion to the ca- 
vity. The first appearance of the windpipe in the human 
embryo is in the sixth week. The first trace of cartilage in its 
texture is formed, according to Fleischmann, in the eighth 
week. Burdach remarked, that each ring of the windpipe is 
formed of a single cartilage, and that the cartilage forms first 
in the middle of the future rings, and gradually lengthens 
towards the ends. The bronchi are short at first; their carti- 
lages appear something later than those of the trachea. 
Fleischmann is of opinion, that the cartilaginous rings of the 
trachea are formed of two lateral portions united afterwards in 
front, at which part he descriles the cartilage as for some time 
thinner than at the sides. 

The larynx in mammalia is at first spherical, and consists of 
an homogeneous jelly. About the seventh week the cartilages 
begin to appear. The first to be seen are the thyreoid and 
cricoid ; and, according to Fleischmann, these are each formed 
in two halves. The two plates of the thyreoid coalesce in the 
fourth month, the halves of the cricoid somewhat later. At 
this time the horns of the thyreoid cartilage and the aryteenoids 
appear: the epiglottis probably appears a little earlier. The 
chorde vocales and arytenoid cartilages are developed in one 
thick mass of substance, which at first reaches above the top 
of the thyreoid. 

From the account which J have given of the origin of the 
lungs, as well as of the liver and salivary organs, it is evident 
that to call these parts a production of the mucous layer is a 
bold and scarcely allowable figure. They are, it is true, formed 
in a strict relation to the mucous membrane of the alimentary 
canal, with which their cavities are from the first continuous ; 
but they are directly developed in masses which are sponta- 
neously formed in the embryo, like the original jelly from which 
the skeleton arises. The correctness of the view becomes the 
more apparent, when we trace the history of the remaining 
parts of the glandular system. 

The kidneys are preceded in the embryo by a substance first 
remarked by Wolff, to which the term of Wolffian bodies or 
false kidneys was given by Rathke. 

Burdach, who investigated the nature of these parts in 
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snakes, lizards, fowls, swine, sheep, and horses, found them to 
exist at a time when the heart and alimentary canal were the 
only other occupants of the cavity of the trunk. The false 
kidneys form at that time a thick mass of jelly-like substance, 
which is at first simple, but afterwards on the development of 
the aorta becomes divided at the median plane into two lateral 
portions. The false kidneys extend originally in all other ver- 
tebral animals (like the true kidneys in fish and batrachia) the 
whole length of the spine, from the heart to the end of the 
intestine. They gradually shorten at both ends, and at the 
same time acquire thickness and breadth. This change in 
form takes place, both in rapidity and degree, in a strict pro- 
portion to the rank of the animal in the ascending scale of or- 
ganization. 

In mammalia the false kidneys acquire their greatest relative 
thickness before the middle of foetal life; in birds about 
the middle; in the higher amphibia some time before that pe- 
riod. They then continue to grow exactly in proportion to the 
rest of the body; after a time, however, they diminish by ab- 
sorption, and at length entirely disappear. The time of their 
disappearance is in proportion to the earliness of their produc- 
tion. They disappear something earlier in the female than in 
the male. They have entirely vanished before birth in mam- 
malia. In birds the right false kidney begins to shrink before 
the left has reached its full size, and has disappeared entirely 
at a time when the left is of considerable magnitude. In ovi- 
parous vertebral animals a slender tube leading to the cloaca, 
and termed a false ureter, is temporarily found. Nothing pa- 
rallel to this has been found in mammalia. 

The false kidneys consist originally, like the true kidneys in 
fish and batrachia, of parallel plates alternately thick and thin. 
In each thick plate a vessel arises, which, having coalesced 
with others, in birds and amphibia opens into the false ureter, 

and in mammalia at a later period opens into the vas deferens 
or the Fallopian tube. The tubes themselves collect into fas- 
ciculi, and form many glandules of an oval or triangular form. 
The false kidneys are the most vascular parts in the embryo 
after the liver: four or five branches from the aorta are distri- 
buted to each, and two veins are returned from each to the vena 
cava. The upper vein with an artery are converted into the 
emulgent vessels, the lower into spermatic vessels. 
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The false kidneys resemble, as it has been said, the perma- 
nent kidneys of fish and batrachia. In the higher vertebral 
animals they are used to contribute to the development both of 
the kidneys and of the testes and ovaries. 

The true kidneys are formed upon the false. They appear 
in the human embryo in the seventh week. They acquire con- 
siderable size in foetal life, being at the time of birth to the 
whole body as 1: 80; whereas in the adult they are as 1: 240. 
In the ninth week they are slender, elongated, and formed of 
little nodules, which gradually unite together, so that in the 
tenth week about eight lobules are observable. These nodules 
increase in number, and at the time of birth as many as fifteen 
are distinguishable upon the surface. The ureters appear to 
stretch from the kidneys to the bladder, having been met with 
in malformations as blind tubes, not having yet reached their 
destination. 

The renal capsules appear in the chick on the twelfth day. 
In the human embryo, at the seventh week, they are larger 
than the kidneys: at the fourth month they equal the latter in 
size: in the sixth month they become relatively less, and their 
weight to that of the kidneys is as 1:25, in the tenth month 
as 1:3, in adults as 1:28. At first the renal capsules touch 
each other: at nine weeks they become gradually separate, and 
consist of granules which are collected in three or four lobuli, 
each of which is supported on a vessel as on a stalk. In the 
fourth month the corpuscular structure becomes less distinct, 
and in the sixth the renal capsules separate into an outer greyish 
substance superficially furrowed, and an inner whitish or red- 
dish substance containing cells in which a yellowish, brownish, 
or reddish fluid is found. 

The spleen appears later than the renal capsules. It is scen 
first in the human embryo at the tenth week asa small whitish 
body pointed at both ends: it gradually becomes tinged with 
red. It is placed further forward in the embryo than after 
birth. Its size is relatively much less than in adults. Ac- 
cording to Heusinger, the size of the spleen at the tenth week 
to that of the liver is as 1 : 500, in the tenth month as 1: 50, 
in adults as 1:5; to the whole body, at the tenth week, as 
1 : 3000, in the adult as 1: 180. 

The thymus appears in the human embryo about the tenth 
weck as a smal] body in the upper part of the thorax. It is 
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formed of two lateral halves, which are subsequently united by 
cellular membrane. It is for some time as large as the lungs. 
Sir Astley Cooper has recently shown each lateral lobe of the 
thymus to be a congeries of hollow corpuscles, which open by 
single orifices into a common reservoir containing a peculiar 
fluid. The thyreoid gland appears at an early period: it con- 
sists originally of two separate halves, which grow together in 
the fourth month, and are proportionally larger and more vas- 
cular than in adults, 

The mamme are supposed to be produced by tubular inflec- 
tions of the skin, as the abdominal glands are formed by tubu- 
lar productions of the mucous layer. 

The bladder and urethra, with the external organs of gene- 
ration, are formed in part out of a development of the extremity 
of the intestine, in part by fissure and folding of the inte- 
gument. 

In mammalia, as in other vertebral animals, the allantois 
remains for a time continuous with the extremity of the alimen- 
tary canal; so that the last part of the bowel is thus a cloaca, 
the common termination of the intestinal and vesical apparatus. 
The sides of this cloaca gradually approach each other, and 
two folds are thus produced, which at a later period become 
united, and thus separate the rectum from the urinary canal. 
The urethra is likewise formed by a folding of the cloaca. The 
urethra is never closed, but is open from the first and always. 

The bladder in the seventh week is an oval corpuscle: in the 
ninth week it is long and cylindrical, and preserves more or less 
this form during the rest of the foetal period. It is formed out 
of the allantois. 

The vagina is proportionately longer in the embryo than in 
the adult. In the sixth and eighth month it is wider, with 
stronger ruge, than afterwards. The hymen appears in the 
fifth month. The penis and clitoris appear indifferently in the 
sixth week, like a small corpuscle before the cloaca: in the 
seventh week the organ is spherical, with a furrow channelled 
init. In the tenth week it is proportionately of great size. At 
the end of the third month the cloaca is divided into the rectum 
and urinary cavity, and the difference may be distinguished 
between the penis and clitoris. 

The testes and ovaries appear in mammalia about the same 
time at the inner and fore part of the false kidneys, attached to 
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them by a fold of peritoneum. In the human embryo at the 
seventh week they form slender elongated bodies placed below 
the kidneys, with their inferior ends near to each other. 

The testis becomes a greyish homogeneous substance, in 
which the tubular structure gradually developes itself. The 
ovary is at first smooth, then nodular on its surface: this 
appearance is seen in the human embryo at the twelfth week ; 
it vanishes again by the fourth month. The testis, at first 
oval, is disposed obliquely; but at the third month it is laid 
vertically, and further apart from its fellow; it is convex in 
front, concave behind. The ovary, at first oblong, becomes 
afterwards triangular: in the fourth month it becomes again 
rounder, and then at its outer end more pointed and ovi- 
form. 

The ovaries in the tenth week are a line and a quarter in 
length, one third of a line in thickness: at the same time the 
testis is a line and half in length, and three-quarters in thickness. 
The proportionate length of the latter to that of the whole frame 
in the first month is as 1: 18: in the ninth as 1 : 40. 

The epididymis appears in the tenth week : its greatest pro- 
portional size is attained at the fourth month. A correspond- 
ing organ is formed upon the ovary, but it soon wastes and 
disappears. 

The testes and ovaries are surrounded by the peritoneum, 
except at their posterior edge where their vessels enter. From 
either testis and ovary there descends to the internal ring a 
membranous process, which in the male is termed the guberna- 
culum, in the female the round ligament. It passes in either 
sex along the spermatic passage to the filamentous tissue of the 
scrotum or labium. 

The round ligament, as the ovary gradually descends into 
the pelvis and is drawn towards the uterus, approaches and 
finally attaches itself to the latter. 

The gubernaculum, which is visible in the tenth week, is 
originally attached to the vas deferens, and gradually fixes 
itself to the inferior end of the testes or epididymis, The pre- 
ceding circumstance explains a most remarkable deviation 
which I remember to have met with in the body of an adult. 
The left testis had not descended, and lay upon the edge of the 
psoas muscle immediately within the internal ring; while the 
cord, doubled through the persistence of the original attach- 
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ment of the gubernaculum to it, had been drawn down in 
a long fold into the scrotum. 

The ovaries, originally attached to the loins, gradually de- 
scend from their vicinity to the kidneys: they remain for a 
time placed upon the psoas muscle; they then fix themselves 
on the brim of the lesser chamber of the pelvis, where they 
remain for a long period after birth. 

Up to this time the progress in development and change of 
place of the ovaries and testes is much alike, except that the 
latter are always a little in advance of the former: in the 
seventh month the testes reach the inner ring; in the eighth 
they enter the passage, in the ninth the scrotum. Upon an 
examination of ninety-seven infants at birth, Wrisberg found 
in sixty-seven both testes in the scrotum, in seventeen one or 
both in the canal, in eight one testis, and in three both testes 
in the abdomen. 

It is difficult satisfactorily to account for the descent of the 
testes. The gubernaculum can hardly give the first impulse, 
for it does not become fibrous till the sixth month, and the tes- 
tis is then already lowered in its position. The descent is pro- 
bably a process of growth. 

The vas deferens is a production of the epididymis ; it is at 
first directed downwards; about the fourth month it is reflected 
upwards: it subsequently descends: it is already, in the fifth 
month, convoluted. The vesicule seminales are of slow deve- 
lopment ; they are productions from the vasa deferentia. 

The Fallopian tubes in the higher vertebral animals, in which 
they are in their origin, and remain afterwards, separate from 
the ovaries, are supposed to be the last product of the false kid- 
neys. The Fallopian tubes gradually bend themselves, and 
form a trumpet-like end at the eighth month, when they 
are more convoluted than in the adult. By the inner ex- 
tremity either Fallopian tube joins its fellow at an acute angle 
to form the uterus. The uterus has thus originally two bodies ; 
the neck then is formed, and from thence the single body of 
the uterus is produced. The uterus is still out of the pelvis in 
the sixth month. At this period it descends into the pelvis. 
The uterus at birth is proportionately much larger than during 
the intervening period before puberty. 

III. It has been explained that each organ begins to be de- 
veloped without blood or blood-vessels. A force of vital attrac- 
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tion draws together the fitting elements in each part, and it is 
only for the subsequent growth and perfection of the organs 
that a circulation is established in them. The heart even is 
formed and shaped, and its texture has acquired some degree 
of consistency, and it has begun to display an undulatory mo- 
tion, before the blood has reached it. 

According to the observations of Prevost, Dumas, and Von 
Baer upon the development of the chick, the following periods 
are to be observed in reference to the development of the vascu- 
lar system. 

Between the twentieth and the thirty-sixth hour appear, 
first the vascular area, figured in a preceding page—then the 
heart —then the formation of blood in the vascular area: but 
as yet the blood is motionless. The heart is soft, transparent, 
separating itself into an oblong sac something curved, and a 
colourless fluid; and about the middle of the second day, that 
is, about ten hours after its first appearance, it begins to exhibit 
an undulatory motion, pulsating on its own colourless fluid 
alone, while there already exists red blood in the circumference 
of the germinal membrane, that is to say, in the vascular area, 
which acquires motion independently of the heart. 

By the end of the second day or by the commencement of 
the third a simple circulation is established : the blood finds 
its way from the vascular area by the omphalo-mesenteric veins 
to the heart, from which it is expelled along the aorta, and 
from thence again to the vascular area. 

Between the third and sixth day the systemic with the hepa- 
tic circulation commences. ‘The aorta distributes branches to 
the body, and the vene cave are formed, and the vena porte ; 
so that while part of the blood is thrown through the vascular 
area, part circulates through the frame. The aorta at the same 
time forms five pair of branchial branches in the neck. 

During the next period the branchial branches shrink, the 
circulation retires from the intestinal vesicle, but new vessels 
make their way out of the body of the embryo following the 
allantois. 

Finally, this second extraneous circulation is drawn back, 
and the blood prepares to flow through the lungs. 

Inthe embryo of the chick the first vessels which appear are 
veins, which are developed in the vascular area, and terminate 
in a circular vein which marks the limits of the vascular area : 
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this vein is called the vena terminalis or circulus venosus. It 
is at first a simple channel, in which the blood 1s being formed, 
with no distinguishable boundary or coat. Such a vessel 
Cuvier saw upon the intestinal vesicle of rodentia. In other 
mammalia it appears to be wanting, or else to vanish at a very 
early period. The earliest branches of the aorta are distributed 
to the intestinal vesicle, upon which they radiate, and after 
many anastomoses terminate in the roots of the veins. In mam- 
malia there is but one omphalo-mesenteric artery and one 
omphado-mesenteric vein; the latter is larger than the former. 
In the chick there are two veins originally, which coalesce in 
a single trunk, that joins the posterior cavity of the heart. There 
is now a simple circulation, of which the poles are the heart 
and the vesicula intestinalis. The venous trunk then divides, 
one part forming the ascending cava, the other the rudiment of 
the vena porte. 

All the arteries take their origin from one trunk, which 
springs from the heart. The heart in all vertebral animals is 
originally one simple elongated sac. The single artery which 
rises from it branches into five pair of arches, between which 
the cesophagus lies. 

The single heart and artery, with its branchial arches, are 
permanent parts in fish: in other vertebral animals they 
undergo a series of metamorphoses, by which they are succes- 
sively brought to the characteristic type of each species. The 
essence of these changes in birds and mammalia is, that the 
heart spontaneously divides into two separate chambers, the 
artery into an aorta and pulmonary artery; that some of the 
arches disappear; others becoming permanent aortic, others 
permanent pulmonary branches. 

The heart of the dog, at the twenty-first day, is a membra- 
nous tube twisted on itself, and slightly divided into an auricle, 
ventricle, and aortic bulb. The wall of the ventricle soon ac- 
quires a greater thickness than the rest. 
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At a period which is probably between four and six weeks, 
the rudiments of a septum begin to be perceived in the heart. 
The septum of the ventricles is produced in two ways: on the 
one hand it arises as a growth from the base of the ventricles ; 
on the other it originates in the extension and growth of the 
right ventricle in such a manner as render the extremity of 
the heart bifurcated. This appearance begins in the seventh 
week. 





The external figure which the heart now assumes is perma- 
nently retained in several species of mammalia. The heart of 
the dugong and of the manatee presents in the most characte- 
ristic manner this permanent separation of the ventricles. The 
same is seen in a less degree in the walrus, seal, elephant, and 
in some of the rodentia. 

The internal construction at present has some resemblance to 
the permanent character of the ventricles of the alligator. But 
it is most strangely and strikingly preserved in those imper- 
fect human beings, in which from this period a communication 
between the two ventricles remains throughout life. 

The nature of the formation of the inter-auricular septum is 
very obscure, and requires further investigation. The first ap- 
pearance of an inter-auricular septum is in the direction of the 
Eustachian valve, which at that time appears to be continuous 
with the annulus foraminis ovalis; and thus lying before the 
entrance of the vena cava inferior, causes it to open into the left 
auricle. This is seen about the fifth week. At the sixth week 
this septum becomes perforated by many foramina, and by a 
process of absorption wastes into the Eustachian valve. At the 
same time a production analogous to the first begins to be 
formed in the place of the permanent inter-auricular septum. 
It is remarkable that it is at this period—namely, when the 
inferior cava begins to be shut out of direct communicatior 
with the left auricle—that the pulmonary veins open into it. 
The valvula foraminis ovalis goes on increasing till the seventl 
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month, when it is already a sufficient fap to cover the orifice of 
communication. 

At this period of development it is evident that the foetus 
becomes fit for pulmonary respiration. The oblique opening, 
which serves if the embryo remains in utero to transmit the 
blood from the right auricle into the otherwise empty left, 
would it is evident become closed, if breathing and a circula- 
tion through the lungs were now commenced, and an equal 
stream of bleod were poured into the left auricle as into the 
right., 

At the time when the aorta gives off its cervical arches, the 
construction of the adjacent parts participates in the same cha- 
racter, and might indeed more readily be converted into bran- 
chial organs than into a higher type. The neck is short and 
thick, the pharyngeal portion of the alimentary canal is of great 
size, and its sides are penetrated by clefts. 

Four openings on each side of the cesophagus have been ob- 
served in the embryo of the dog, between three and four weeks 
old; in that of the sheep of three weeks; of the pig at three 
weeks; of the rabbit on the twelfth day; and in the human 
embryo of six weeks: in the embryo of the dog, some little 
time before that mentioned above, only three apertures are 
found. While three pairs of clefts exist in the sides of the 
pharynx, there are in the dog, as in the chick, only four pairs 
of vascular arches: but before the first of these becomes oblite- 
rated, a posterior or fifth pair is produced, while at the same 
time the fourth branchial cleft 1s formed; so that in the mam- 
miferous animal five pairs of vascular arches and four pairs of 
clefts exist for some time simultaneously in the sides of the 
neck. 

A few days after the appearance of the fifth arch, the 
neck begins to elongate, the apertures are closed gradually 
on the outside, and the lower jaw becomes more developed ; 
while the vascular arches undergo those changes by which 
the permanent arterial branches arising from the heart are 
formed, 

The first and third pair of vascular arches form the carotid 
and subclavian arteries in mammalia, as in birds; and the se- 
cond pair seems to be wholly obliterated, or at least gives only 
a small branch; in mammalia, however, the arch of the aorta, 
or permanent communicating vessel between the ascending and 

2F2 


436 Transmutation of the Single Aorta 


descending aorta, is formed from the fourth branchial arch on 
the left side of the cesophagus; so that the order in which the 
vessels of the head and superior extremities arise is reversed, 
the right innominata taking its origin before the vessels of the 
left side. 

The pulmonary vessels appear to be given off by the fourth 
arch on the right and by the fifth on the left side, the fifth on 
the right being wholly obliterated. While, however, the carotid 
and branchial arteries become developed from the anterior 
arches, the pulmonary arches do not continue to carry blood to 
the root of the aorta, as takes place in those of the bird. The 
parts by which these arches communicate with the root of the 
descending aorta (farming in birds the ductus botalli) become 
gradually obliterated ; so that of all the five pairs of vascular 
arches in the embryo of the mammiferous animal, only one, the 
fourth of the left side, remains prominent. 

While these changes take place in the pulmonary arches, 
the bulb of the aorta, from the single cavity of which the pul- 
monary and systemic vessels arise for some time in common, is 
divided, so as to form the roots of the aorta proper and pulmo- 
nary arteries. According to Meckel, the septum which has 
separated the left ventricle entirely from the right, appears to 
be continued onwards into the bulb of the aorta, and thus 
separates this cavity longitudinally into two compartments. 
The division of the bulb is, however, imperfect for a time; it 
advances gradually from the part next the ventricle to that 
from which the vascular arches rise; so that, while the postc- 
rior part is divided, the anterior yet remains single, a communi- 
cation being left at this part between the aortic and pulmonary 
roots, which admits of the passage of the blood from the right 
ventricle into the aorta, when the pulmonary arches are oblite- 
rated. When the division of the aortic bulb has just taken 
place, the arch and descending part of the aorta appear to be a 
continuation of the pulmonary rather than of the aortic root, 
the latter appearing to lead only into the vessels of the head 
and anterior extremities. The ductus arteriosus remains for 
some time, as at first, short and wide, and has the appearance 
of being an opening of communication between, or a deficiency 
in the parietes of the juxtaposed tubes ; it afterwards becomes 
lengthened out and narrowed, and appears during a short period 
to pass from the aorta to the pulmonary root and aorta conti- 
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nuous with it; but about the tenth week in the human embryo 
this part is dilated, and forms a more direct communication 
between the ascending and the descending aorta, and thed uc- 
tus botalli is now formed by another part, viz. the end of the 
pulmonary root leading into the arch of the aorta. 

The following diagram from Burdach may assist in illustrat- 
ing the description which has been given of these changes ; 
the parts of the figure left in shade represent the single original 
artery, and those branches derived from it which shrink in the 
progress of development: the parts fully figured show the divi- 
sion of the primitive trunk, and the persistence of some of its 
branches as aortic, some as pulmonary arteries. 
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The lungs of mammiferous animals do not appear to be visible 
before the period when the branchial apertures begin to close. 
As the lungs become larger, they receive vessels from the pul- 
monary arches, which gradually enlarging as the foetus becomes 
developed, divert the stream of blood from the arterial duct of 
the aorta. This latter opening now diminishes in size, and at 
birth, when the afflux of blood to the lungs is suddenly in- 
creased, it gradually closes. 

The metamorphoses which have been described in the organs 
of the circulation have relation to three important principles. 
The first 1s that wonderful law of development, agreeably with 
which it has pleased Nature to pass the highest animal forms 
through the moulds of the lowest, and to require the mammi- 
ferous animal first to put on the garb of a fish, then of a rep- 
tile, then of bird, before finally assuming its proper type. Is 
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it presumptuous to expect from what has been already gained 
in so short a time, that a clear light will thus eventually be 
thrown upon the rules by which creation was governed in the 
progressive scheme of animated Nature ? 

The second principle is the production of a series of parts, 
which shall be easily convertible into organs of a double circu- 
lation : so that at the period of birth, the order of this function 
may be at once recast upon a new plan.—The heart to be two, 
not one, each receiving and propelling a different fluid, and for 
different purposes; the right heart receiving black blood from 
the body, and transmitting it to the lungs to be renovated ; the 
left heart receiving the purified blood from the lungs and trans- 
mitting it through the entire system to sustain life and furnish 
the materials of growth. 

The third principle is the preservation (during the whole 
period that the fish-like or simple heart is being converted into 
a double organ) of the means of a single circulation. It is the 
necessity of maintaining the foetal circulation as a single circu- 
lation up to the moment of birth which produces the apparent 
complexity of these parts and seeming clumsiness of action 
during the last seven months of foetal existence. Two hearts 
are gradually forming out of one: two arterial systems out of 
one arterial system ; from two distinct sources different streams 
of blood arriving at the heart; but the two are as yet to be 
mixed, and to reach eventually 
the same vessel, and to be dis- 
tributed similarly and together 
for all the purposes of the foetal 
frame. 

The adjoined diagram may as- 
sist in enabling the reader to 
follow the description of the foctal 
circulation which has to be in- 
troduced in the present place. 
In the diagram, A represents the 
cavity of the right ventricle, B 
that of the left. 

Blood reaches the right side 
of the fetal hearc from two 
sources. That which is conveyed 
into the right auricle, by the 
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upper cava and the coronary vein, is blood that is returned from 
nourishing the head and upper part of the body and the heart. 
In the diagram this stream of blood is represented by the con- 
tinued line C. That which flows into the right auricle by the 
lower cava (represented in the diagram by the interrupted line 
D) is not merely blood that has been circulating through the 
lower part of the frame, but consists in addition of blood re- 
turned by the umbilical vein into the body of the foetus: the 
latter quantity of blood again has arrived in two ways; for the 
umbilical vein, after entering the navel, and passing in the 
round ligament to the under surface of the liver, divides into 
two branches; one only of which, called the ductus venosus, 
goes straight on to join the cava, at the posterior margin of the 
liver: the other goes to the portal vein of the liver, into which 
it opens, and pours its blood ; which has thus to pass through 
the complete circulation of the liver, before, issuing from it by 
the hepatic veins, it at last can pursue the first portion into the 
inferior cava. The stream of blood D thus consists of blood 
returned from nourishing the lower part of the frame, of blood 
derived directly from the umbilical vein by the ductus venosus, 
of blood that was poured into the portal veins by the umbilical, 
and has gone through the circulation of the liver in mixture 
with the other blood of the portal vein. 

These two streams of blood on entering the right auricle 
pursue different routes, which it is extremely interesting to 
trace. The stream C, transmitted by the upper cava, rushes 
through the auricle into the right ventricle A: at least this is 
fairly presumed to take place in the living foetus, because in 
anatomically preparing the foetal heart and injecting it, it is 
found that wax thrown into the upper cava pursues this 
course. The direct channel into the right ventricle is therefore 
from the upper cava; that is to say, when the right ventricle 
expands, it directly draws towards it the contents of the upper 
cava. The line continued from C marks the further progress 
of this stream of blood. Expelled from the contracting 
ventricle it enters fhe pulmonary artery: the pulmonary artery 
distributes two as yet insignificant and nearly impervious 
branches to the lungs; its main channel is continued under 
the name of ductus arteriosus directly into. the aorta below 
its arch, and we may suppose the stream of blood from that 
point to be bent down the channel of the descending aorta. 
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But the descending aorta after a short course divides into the 
two common iliac arteries; and the common iliacs again divide 
into the external and internal iliacs ; and almost the whole of 
each of the latter is consumed to form the so called umbilicat 
artery, which carries blood away from the body of the fcetus, 
by the navel string to the placenta. But the stream C, which 
so rapidly passes towards the iliac vessels, the reader will 
observe, is blood that has been circulated through the systemic 
capillaries. Whatever vivifying or renovating influence the 
placenta can give, it must be im need of, and it accordingly 
passes with wonderful directness towards that vessel. 

The stream of blood D pursues a different path. The Eusta- 
chian tube, a crescentic fold of membrane, the half of which 
(that would remain) is faithfully represented in the diagram, is 
so disposed as to turn the eurrent of D on its entrance into the 
right auricle away from the ventricle A, and to direct it towards 
the foramen ovale, which leads into the left auricle. Injections 
on the dead subject verify the correctness of this hypothesis. 
The stream of blood D having thus reached the left auricle is 
thence drawn into the left ventricle B; from thence it is pro- 
pelled into the aorta, and is in part distributed through the 
great branches which rise from its arch to the head and upper 
extremities of the frame. It would have been reasonable to an- 
ticipate that so important an organ as the brain would havea 
considerable supply of the fresh draught of blood from the pla- 
centa: and the preceding statement shows this to be the fact. 
It is well known that the head and upper extremities of the 
foetus are forwarder than the legs; how far may this be 
attributable to the greater supply of placental blood which the 
former parts receive? The residue of the stream D makes its 
way down the aorta towards the pelvis: mixing with the 
stream C at the arch, it supphes it with a proportion of placental 
blood for the growth of the lower hmbs: but the stream which 
flows thither is the same from which the draught out of the 
body takes place along the umbilical arteries to the placenta. 

Let me now recapitulate the principal gheads which have 
been illustrated in the present section. 

The ovum of mammalia is at first two sacs, one enclosing 
the other: the inner containing a liquid. Upon the inner, or 
below it, the germinal membrane is seen, with the primitive 
trace. The germinal membrane cxpands and divides into two 
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layers, the outer or serous, the inner or mucous: then a third 
is developed between the two first, which is the source of the 
vascular system. The serous layer developes in itself, the bones, 
joints, muscles, the brain and nerves, and the organs of the 
senses, together with the integument, and reflects from the 
contracting opening of the trunk of the enlarging embryo the 
amnios, as a bladder, at first covering its dorsal surface and 
sides, at last a capacious sac, in the fluid of which the embryo 
hangs and floats. 

The mucous layer may be supposed upon analogy to expand 
into a sac containing the yolk; then by its contraction first and 
elongation afterwards below the body of the embryo, it forms 
the alimentary canal, and by its tubular productions contri- 
butes to originate the glandular system and the lungs. The 
first appearance of the vascular system, or the first develop- 
ment and expansion of the vascular layer, takes place upon 
this membrane in the circle called the area vasculosa. The 
second step in the development of the vascular layer, is the 
production of the heart and aorta, and the growth from the 
aorta of branchial branches. As this second step, as well as 
the first, seems to have some reference to a respiratory func- 
tion, so has it likewise a relation to the development of the 
mucous layer. The third step, like the two preceding again, 
is an attempt to establish a respiratory organ, and it is again 
equally performed through the assistance of the mucous layer. 

It is this point at which we have now arrived: we have seen 
in the human embryo how rapidly the vesicula intestinalis 
shrinks and is lost; how quickly the branchial arteries are me- 
tamorphosed. We have now to trace the production of the true 
respiratory organ of the embryo; or, more than that, of its com- 
mon source of increase and breathing. 

The lower end of the alimentary canal, or cloaca, shoots out 
a sac, which is termed the allantois or allantoid membrane. 
In the chick on the third day, the end of the alimentary canal 
extends itself into a spherical bladder, which by the following 
day is divided intg a channel leading into the cloaca and the 
proper allantoid sac. After a short period, the terminal branches 
of the aorta with corresponding veins are seen upon this sac. 
The sac then protrudes more and more out of the body of the 
chick, tending to the surface of the egg. It spreads from the 
right side of the chick, first towards the pointed extremity, 
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then towards the rounded end of the egg, so as at length to 
form a double sac laid immediately under the membrane of the 
shell, upon which the blood-vessels are distributed with the 
evident purpose that their contents may be influenced by the 
atmosphere through the porous egg-shell and its membrane, 
and that thus a true respiratory organ may be established. 

The allantois exists in all mammalia. It appears later neces- 
sarily than the intestine which forms it, later than the heart, 
the liver, and the Wolffian bodies. It contains from the first a 
liquid. In the human embryo it appears in the fourth week. 

The allantois grows rapidly ; but in man it attains a trifling 
size only, then wastes. In other mammalia it acquires a greater 
amplitude. In carnivora, in solidungula, and in ruminantia, 
it grows to such a magnitude as to enclose the whole amnios. 
In rodentia and in swine it is of less extent, and covers part 
only of the amnios. The channel of communication between 
the allantois and the cloaca or bladder at first is short, so that 
the former lies directly against the body of the embryo. It is 
afterwards much elongated, like the corresponding channel of 
communication of the vesicula intestinalis. In mammalia in 
general the allantois continues during the whole period of fcetal 
existence : but in man its duration is so short, that it has almost 
disappeared by the sixth week. The urachus is the remains of 
the channel of communication with the now obliterated sac. 
The younger the embryo, the larger is the urachus. Hunter 
traced it the whole length of the umbilical cord. Commonly 
the urachus at the fourth month is pervious for a few lines only 
from the bladder, being closed towards the navel, and vanish- 
ing in the cord. However, it sometimes happens that its origin 
is for a short extent permeable even at birth. Burdach and 
Roderer concur in stating, that they had met with in the 
mature foetus a sac containing fluid, not then communicating 
with the urachus, but which was probably the allantoid sac. 

The origin of the navel-string, or umbilical cord, may be 
understood by referring to what has been already stated of the 
allantois and of the amnios. The allantois gtretches from the 
cloaca to spread itself as a sac upon the outer surface of the 
amnios. As it enlarges, its portion of communication with the 
cloaca shrinks to a narrow tube that speedily becomes imper- 
vious. As it shrinks, the amnios closes upon it, and follows 
it, and thus forms a cylindrical tube. In the middle of this 
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shrunk tube of communication is the urachus: these parts, with 
the umbilical artery and veins, and a connecting gelatinous 
tissue, form the navel-string. 

The navel-string is visible in the human embryo in the sixth 
week, asa short and straight cord. In the ninth week it is 
longer and proportionally thinner, and no longer transparent. 
The arteries in it are thicker and smaller than the vein, which 
is disposed in the axis of the cord with the arteries spirally 
wound round it. In twenty-eight out of thirty-two instances, 
Hunter observed that the spiral of the vessels turned from left 
to right. As the cord lengthens, the vein as well as the artery, 
and even the cord itself, becomes spirally twisted. At birth, 
the length of the cord is on an average about two feet; but it 
varies from one foot to four. When very long, the umbilical 
cord is generally twisted round the child’s neck: it has been 
known to have been so twisted four times and a half. This 
accident does not appear to affect labour, except in cases in 
which the child is turned. 

The outer tunic of the cord, or the amnios, is a genuine se- 
rous membrane with a glossy internal surface. It begins, as it 
has been already stated, in the closed embryo abruptly at the 
navel, contains in its tubular part the cord, and then forms a 
loose reflected sac never tensely filled. The fluid which it con- 
tains is transparent, and without any sensible degree of tenacity 
or ripeness ; sometimes it is foul or muddy, with something of 
a yellowish cast. The proportion of fluid is greater in the 
earlier months. Its actual quantity at birth is variable, ave- 
raging about two or three pints, but varying from one pint to 
some quarts. Its composition is as follows: 


WAGE es ceiccs ovewenncid det add nw guccowsdadeune wsvannuenevedeaedeve reel cipantetias 98.8 
Albumen, muriate of soda, soda, phosphate of lime, lime ........ 1.2 
100.0 


The umbilical arteries and veins stretch through the cord to 
something placed without the amnios. Their destination is the 
outer membrane of the ovum, within the cavity of which all 
the changes which have been hitherto described take place. 
This outer membrane is called the chorion. 

The chorion at the end of the first and during the second 
month has a villous external surface. At the end of the second 
month, the branches of the umbilical vessels penetrate and 
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ramify in these villi, which become partially or wholly intensely 
vascular; the umbilical arteries ramifying to capillary minute- 
ness in the villi, and without intervening cells, return their 
blood by the venous branches to the umbilical vein. 

At this time there is a great interval between the amnios 
and chorion, occasioned by the diminutive volume of the former, 
which is then a sphere of # only of the area of the chorion. 
The interval is filled up with a substance termed the corpus 
reticuli or vitri by Valpeau. It consists of delicate but not 
very slender gelatinous threads, between which a liquid #s pro- 
bably contained. The vesicula alba lies in this matter. The 
corpus reticuli disappears as pregnancy advances, and the am- 
nios and chorion come into contact. 


SECTION III. 


Of the Nutrition of the Embryo, and of the Connection of the 
‘elal and Maternal Systems. 


The materials, through which the ovum grows at the carliest 
period, are probably the fluid secretion of the surfaces it rests 
on, absorbed by its entire superficies. The little sphere thus 
enlarges in its progress along the Fallopian tube, and upon its 
first arrival in the uterus. A time follows when a new and 
special structure is formed, by means of which the maternal 
circulation is brought into indirect communication with vessels 
that are produced for that purpose from the embryo. 

The organ of communication follows one of two types. 

The first of these is strikingly exemplified in ruminants. In 
this class of animals, circular or oval patches of the mucous 
membrane of the uterus become elevated into a spongy mass 
termed a maternal cotyledon. The cotyledon is soft, and highly 
vascular; and the large pores, which render it sponge-like, open 
upon its free surface, and extend from thence towards the 
uterus, against which they terminate as culs de sac. 

The following diagram represents a section of a part of the 
uterus and of one of the cotyledons of a cow. 

A. Represents the section of the uterus. 

B. The peritoneal coat. 
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C. The sub-mucous coat. 

D. The mucous coat, of which 

E. Is the section of one of the tubular or sponge-like en- 
largements which form the maternal cotyledons. 





To meet oe structure, the chorion forms as many groups of 
flocculent processes as there are maternal cotyledons. These 
groups of processes are dovetailed with the pores of the latter. 
In the figure, some of the processes [F] are represented as 
drawn out; others, as left imbedded in the pores, with which 
of course they were simultaneously formed. The term foetal 
cotyledon, is given to each of these patches of flocculi. 

There are thus brought into extensive apposition and co- 
adaptation maternal surfaces, and surfaces produced from the 
ovum. But upon the surface of a maternal cotyledon, branches 
of the uterine vessels ramify to intense capillary vascularity. 
And upon the corresponding surface of the foetal cotyledon, 
branches of the umbilical vessels ramify likewise with the same 
profuseness of distribution. They do not communicate: they are 
in contact only. In separating them, I have thought I have 
observed a sort of milk-like fluid exude in small quantity. No 
doubt can be entertained, that the foetal capillaries either im- 
bibe this fluid —a product of maternal secretion — or directly 
draw nutriment from the blood in the maternal vessels; the 
process in either case being governed by the endosmose of 
Dutrochet. 

When the ruminant brings forth, the foetal and maternal co- 
tyledons separate. The foetal cotyledon comes away with the 
membranes. Itself a growth of the chorion, it naturally is ex- 
pelled with the chorion. The maternal cotyledon, a growth 
from the membrane of the uterus, remains, but gradually 
shrinks, and is absurbed during the decrease of the uterus, 
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In the mare, a structure comparable to the cotyledonous 
structure is met with; but it is not distributed in groups of 
eminences. The structure is diffused over nearly the whole of 
the opposite surfaces of the uterus and ovum. The inner lining 
of the uterus is delicately honeycombed: within its shallow cells, 
processes of the chorion are contained. 

I am disposed to think, that, in all mammalia but the human 
species, the mode of communication between the uterine and 
maternal systems proceeds upon this principle variously mo- 
dified. It leaves, it is evident, no likelihood of serioys he- 
morrhage in labour. 

However, I have had no opportunity of satisfactorily examin- 
ing the impregnated uterus in other animals than the cow and 
the mare; and I must admit that in several, in the hare and 
cat for example, the outward appearance of the communicating 
organ very much resembles that of the organ which is found in 
human beings —the placenta namely. The thickened part is in 
the cat entirely foetal, and comes away in labour as in human 
beings. Nevertheless, the structure of the thickened part does 
not seem the same with that of the human placenta. Whether 
it more approach that, or the cotyledonous form, remains to be 
investigated, My expectation is, that it will be found to be 
cotyledonous in principle. 

In human beings, the provision for bringing into indirect 
communication the vascular systems of the mother and of the 
embryo is the following. 

The commencement of, or preparation for, it I have had an 
opportunity of examining, in concert with my friend and col- 
league Mr. Sweatman, in a specimen recently added by him to 
the museum of the Middlesex Hospital. It is the uterus of a 
young female who died suddenly of fright towards the close of 
the second month of pregnancy, as it is supposed from the size 
of the embryo, which is 4 of an inch in length. The uterine 
vessels of this specimen when recent were injected with tallow, 
coloured red for the arteries, white for the veins. On opening 
the uterus so injected on the following day, the arteries and 
veins were found to be extremely large and numerous: the veins, 
however, were the most numerous, occupying almost entirely the 
inner two-thirds of the substance of the womb. But the veins 
had been injected before the arteries. Much extravasation had 
taken place into the uterine cavity. On clearing this away, the 
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ovum was displayed ; its outer tunic, the chorion, being characte- 
ristically flocculent, but unequally so. Between the chorion and 
the inner surface of the womb, lay a layer of lymph. This was 
the normal exudation from the inner surface of the womb, 
which begins immediately upon impregnation taking place, and 
continues for some time to be gradually added to. By the 
pressure it is subjected to, this lymph is early moulded into a 
membrane, which is called the decidua. The effused layer, 
in the present instance, had ceased to be of uniform thickness. 
Towards the cervix it formed a mass nearly one-fourth of an 
inch in thickness at its middle, and about three inches in 
length, and in breadth from one and a half to two: elsewhere 
the decidua was a thin membrane. 

It appeared further, that the vessels of the uterus had ex- 
tended themselves into this membrane; principally, however, 
at the part where it is thickened. The vessels again, which are 
seen to have penetrated the membrane, are almost exclusively 
veins [possibly because they were first injected]: they are of a 
large size, and end abruptly; or the injection which filled them 
so ends, having probably at the points of its apparent termina- 
tion ruptured the tissue, and become extravasated. 

Such is the preparation for the production of the communi- 
cating organ, which in its completed state is presently to be 
described. On the part of the uterus lymph is effused, which 
forms a membrane that becomes thicker at one part than another. 
On the part of the embryo are the enlarging villi of the cho- 
rion, in which the umbilical vessels are being distributed. In 
the specimen above adverted to, the villi of the chorion are 
twice as long and thick upon the surface turned towards the 
thicker part of the decidua, as elsewhere. 

The resultant organ, which the two systems combine to form, 
is termed the placenta. Its structure was discovered by Dr. 
William Hunter; and although some have called in question 
the correctness of his views, the evidence in its favour which I 
shall presently have occasion to mention must, I think, be ad- 
mitted as satisfactory and decisive. 

The basis of the placenta is the bed of exuded lymph form- 
ing the thicker part of the decidua already described. It gra- 
dually becomes a series of cells: into these cells the uterine 
arteries pour blood: from these cells the uterine veins return 
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the blood to the maternal system. There is thus a perpetual 
flow of the maternal blood through these cells. 

But while these cells are thus forming, the villi of the cho- 
rion, carrying with them the branches of the umbilical arteries 
and veins, penetrate and everywhere permeate the spongy 
tissue. The umbilical capillaries thus become diffused as a 
network upon the cells of the placenta, which contain maternal 
blood ; and the foetal blood draws by endosmose the materials 
of growth from the blood of the mother through the thin inter- 
vening membranes. ; 

The following diagram represents an imaginary section of a 
lobe of the placenta, and the elements of structure above de- 
scribed. The placenta and decidua are supposed to be sepa- 
rated, and drawn to a little distance, from the inner surface of 
the uterus, so as to display the passage of the veins and arteries. 





The parts indicated by the letters are, 

A. Section of a portion of the uterus. 

B. Section of a portion of the placenta; a few cells only 
figured, for the sake of distinctness. 

C. The decidua. 
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D. The chorion. 

E. The amaios. 

H. Uterine veins. 

I. Continuation of an uterine vein along the edge of the 
placenta. 

K. Uterine arteries. 

M. Branch of an umbilical artery. 

N. Branch of umbilical vein. 

The preceding diagram I made after examining, in concert 
with Mr. Stanley and Mr. Owen, the preparations of the in- 
jected placenta and uterus in the Hunterian Collection at the 
College of Surgeons. I will now subjoin the description, which 
I drew up at the time, of the appearances, which we agreed in 
recognizing in these specimens. 

I will premise only that the placenta, which furnished the 
best evidence, must have been about the full time, when it 
forms an oval cake about seven inches in its long diameter, 
and an inch and a half in thickness at its middle, narrowing 
towards its edges and lobulated; the umbilical end being gene- 
rally attached near its middle, sometimes towards its edges, 
sometimes to the decidua near its edge. How certainly the 
cellular structure of the placenta is of decidual origin is de- 
monstrated by the preparations which will be presently de- 
scribed. It happens, that time, or the spirit in which 
they have been preserved, has given the decidua else- 
where a characteristic yellowish white colour, which distin- 
guishes it from the other membranes. But the uterine surface 
and the foetal surface of the placenta in these specimens, and 
the partitions which stretch across internally from the one to 
the other, forming or supporting the cells, are of the same 
peculiar colour. It is manifest that the basis of the placenta is 
a sponge-like swelling of the decidua, into which the uterine 
and foetal vessels enter in the manner which has been described. 

Dr. Hunter described the decidua as elsewhere double, con- 
sisting of an inner layer in contact with the chorion called de- 
cidua vera, an outer, the decidua reflexa. This distinction is 
partial only, and [in my belief] an accident, typifying only 
elsewhere, that structure which is developed in the placenta; or 
evincing a general disposition in the decidua to separate into 

e+ layers, enclosing or not an intermediate structure. Dr. Hunter 


supposed that the production of the two layers arose from the 
26 
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ovulum, on entering the uterus, finding the cavity lined with 
a membranous layer, one part of which it raised and pushed 
before it, forming thereby a doubled sac within the other. A 
little reflection serves to show that this explanation of the 
appearance is perfectly untenable. 

The series of specimens contained in the Hunterian Museum 
are separated portions of the uterus and of the placenta, at the 
full time but antecedently to labour. The preparations of both 
are injected with the same coloured materials. In the portions 
of the uterus, the arteries are filled with red wax or tallow, the 
veins with black wax or tallow. In the portions of placenta, 
the cells are filled, some with the black material, others with 
the red; and tubes leading to these are seen, some filled with 
one, some with the other. It is certain, from their appearance, 
that they must have been injected from the uterine vessels. 

The preparation in the Hunterian museum which throws 
the most light upon the structure of the placenta, and upon 
the extension of the maternal circulation into it, 1s marked 
No. 3535. 

The specimen is a triangular portion of a placenta, having a 
superficies of about four square inches, one of the sides of which 
is formed by the margin of the placenta, the other two being 
cut surfaces, the depth of which, at the angle at which they 
meet, is an inch and a half. It consists of one entire lobe, 
and of portions of three other lobes of the placenta. Three 
kinds of wax injection (one yellow, a second red, a third 
black) have been thrown into it. The yellow wax, which 
appears to have been injected last, and more sparingly than 
the others, is seen to be in the umbilical arteries. The sources 
and place of the black and of the red injection, with the latter 
of which the portion of placenta under consideration is most 
coloured, will be pointed out afterwards. 

The substance of the placenta is seen to be covered by two 
layers of decidua, one disposed on its uterine, the other over its 
foetal surface: these two layers of decidua meet, of course, and 
become one, at the circumference of the placenta. Upon one 
of the cut surfaces of the placenta, productions of the decidua 
are seen extending through the placenta, from the foetal to the 
uterine layer of the decidua, which they unite. 

Upon the uterine surface of the uterine layer of the decidua- 
wre seen orifices of different sizes, some containing red wax, 
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others black wax. Some of these orifices are upon the surface 
of the lobes, others at the interlobular spaces. The orifices 
containing red wax open indiscriminately at either situation. 
The orifices containing black wax open principally at the inter- 
lobular spaces. It may be preeumed that the orifices contain- 
ing black wax were continuous with, and injected from, the 
uterine veins; and that those which contained red wax were 
continuous with, and injected from, the uterine arteries, upon 
the following grounds. 

The orifices containing black wax are larger, and lead into 
larger channels than those which contain red wax. Some of 
those which contain red wax lead into channels which have the 
singular tortuous character, described by Mr. Hunter as cha- 
racterizing the termination of the uterine arteries (see K in 
preceding diagram). And there is a preparation of part of an 
uterus, in the same series in the gallery, which there can be 
little doubt is that from which the specimen under considera- 
tion was separated, and in which the arteries are injected with 
red, the veins with black wax. 

The orifices upon the uterine surface of the uterine layer of 
the decidua lead into flattened tubes of greater or less length, 
which tubes appear to be regular channels, with smooth inter- 
nal surfaces, formed in the substance of the productions of the 
decidua. Of these tubes, those which contain red wax are 
called, in the following description, decidual arteries: those 
which contain black wax, deczdual veins. 

One large decidual vein runs along the placental margin of 
one lobe (see I in diagram). Another, of smaller size, passes 
nearly vertically in an interlobular fissure from the uterine to 
the foetal surface of the placenta. The former terminates oppo- 
site to an interlobular space at the edge of the placenta, in two 
small decidual veins: one of these smaller veins opens into the 
extremity of the vertical interlobular vein just described; the 
other extends along the foetal surface of the placenta. A third 
decidual vein, smaller than either of the preceding, dips into a 
different interlobular space, and, after a course of a quarter of 
an inch, divides into two smaller veins. 

Of the decidual arteries, those which open upon the lobules 
of the placenta make a sudden turn below the uterine layer of 

“the decidua, and terminate there, forming the short curling 
arteries of Hunter. The interlobular decidual arteries descend 
262 
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nearly vertically towards the foetal surface of the placents. 
One is seen to reach that surface, accompanying an interlobu- 
lar decidual vein, described above. Another, larger than the 
preceding, passes, for the length of half an inch only, into an 
interlobular space. 

This preparation, therefore, distinctly establishes that there 
exist, formed in the decidua, some terminating on, others extend- 
ing into, or through the substance of, the placenta, regular 
channels; one set of which is continuous with, and receives 
blood from the uterine arteries; while the other is continuous 
with, and returns blood to the uterine veins. 

The manner in which the decidual vessels terminate, is best 
seen in those decidual arteries and veins which enter the sub- 
stance of the placenta, but do not extend to-its foetal surface. 
Each of the vessels of this class, that was examined, divides 
into two branches. These branches, after a short straight 
course, terminate abruptly. At their abrupt terminations, the 
tissue of which they are composed appears, at more than one 
point, to be porous. The lining of the decidua] trunks does 
not appear entirely divested of the same character, but in parts 
presents smooth and regular openings. This appearance in the 
decidual trunks is most distinctly seen in a large interlobular 
decidual vein. Immediately without and around the tissue in 
which the vascular channels are formed, is the injected and 
seemingly cellular decidual tissue of the placenta. 

The preparation, No. 3535, would indeed leave it in doubt 
whether the red injection, with which it is coloured, is con- 
tained in cells, or in a series of minute decidual tubes, compa- 
rable to capillaries. But there are four other preparations in 
the Hunterian museum, seemingly taken from the same subject 
with that described, and in which the portions of uterus and 
placenta are not separated. Three of these, Nos. 3539, 3538, 
and 3538, and especially the first, certainly display a series of 
cells filled with black injection from the uterine veins. In one 
of these, numerous openings into cells from the side of a margi- 
nal decidual vein are distinctly to be seen; corresponding with 
the appearance in the opened decidual vein I in the diagram. 

So complete is the evidence to establish that the placenta is 
a series of cells formed in one part of the decidua, which cells 
are percolated by the maternal blood that flows into them from“ 
the uterine arteries, and finds issue by the uterine veins. 
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But what again is the distribution of the foetul vessels in 
this organ? The principle of their distribution is given in the 
diagram. M represents a branch of an umbilical artery, rami- 
fying to capillary minuteness between the cells of the placenta. 
N represents a branch of the umbilical vein, which is formed 
by the reunion of these capillaries. These capillaries are uni- 
versally spread through the placenta, and ramify over its cells ; 
as the pulmonary capillaries ramify on the air cells, or as the 
capillaries of the foetal cotyledon in the cow ramify on the 
membrane which supports them. These capillaries are in close 
contact with cells containing the maternal blood. What diffi- 
culty is there in supposing that they may draw from them 
recrementitious fluid, or imbibe by endosmose what they want 
for the nourishment of the foetus, as the pulmonary capillarics 
imbibe oxygen, or as by a closer analogy the cotyledonous 
capillaries imbibe aliment ? 

For a time physiologists sought for a maternal and a fetal 
portion of the placenta. Such a distinction does not exist. 
In the placenta there are essentially three parts: 1. The sub- 
stratum, or cellular sponge formed of developed decidua. 
2. The production of uterine arteries and veins into the pla- 
centa, opening into its cells. 3. The universal spread of the 
umbilical vessels through the entire organ, spreading in capil- 
lary reticulation round every cell. 

We may finally inquire [if the contrast which I suppose exists 
between man and other mammalia in the foeto-maternal con- 
nection be real], on what principle that distinction is founded. 
Why should the cotyledonous principle be general in the rest, 
the placental structure be confined to our own race? 

It is by no means unlikely that the periodical secretion of the 
human uterus, which is, on the one hand, probably connected 
with the moral and physical constitution of the human female, 
on the other confers the capability of forming a placenta. The 
human female, after puberty, is always susceptible of sexual 
desire; to the permanency of which, unlike the periodic appe- 
tites of animals, it is probable that the menstrual secretion con- 
tributes. A uterus, with such large secreting powers as the 
human uterus, may be capable of pouring out decidua, and or- 
ganizing part of it into a placenta; while the uteri of animals, 
habituated to no secretion, may on that account be capable of 
nothing more than increased capillary vascularity. 
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It has been conjectured by some, that the foetus is capable 
of a sort of digestion. 

M. Magendie remarks, that the stomach of the foetus has 
been found to contain mucus which was opaque and greyish 
towards the ‘pylorus, as if converted into chyme ; and the green 
matter termed meconium, which is found in the great intes- 
tines, has the appearance of being the refuse of a kind of 
digestion. 

In a paper by Dr. Robert Lee, in the Philosophical Transac~- 
tions for 1829, some interesting observations are made wpon 
this subject. 

Dr. Lee observes, that the stomach of the foetus is usually 
distended with a semi-transparent, ropy, mucous, and occasion- 
ally acescent fluid, without any sensible admixture of albumi- 
nous or other nutritious matter. But that in the duodenum 
and part of the remaining poftion of the small intestines there 
is uniformly present, adhering closely to the mucous membrane, 
a semi-fluid matter, found on examination to possess properties 
decidedly of an albuminous character, and to have an orange 
or pink colour. This matter Dr. R. Lee has always found 
in greatest abundance around the papillary projection, through 
which the common duct of the liver opens into the duodenum. 

In the lower half of the small intestines the quantity of this 
albuminous matter is considerably less, and near the colon it al- 
most entirely disappears. The colour also of the contents of 
this lower portion of the small intestines is different from that 
noticed in the contents of the duodenum, being of a greenish 
tint, and assuming more and more of the character of meconium 
as the distance from the colon diminishes. 

The quality of the contents of the jejunum in the fetus was 
ascertained to be albuminous by Dr. Prout. Dr. R. Lee con- 
jectures, with great plausibility, that this product is a secretion 
of the liver. 

Of the freedom of communication between the blood of the 
foetus and that of the mother, M. Magendie gives this remark- 
able illustration. He introduced camphor into the veins of a 
pregnant bitch, and he found that in a quarter of an hour the 
blood of the fetus had acquired distinctly the odour of camphor. 
M. Magendie mentions another curious circumstance. The 
poisons which rapidly act upon the brain and spinal marrow 
(such as strychnia) when introduced into the serous cavities or 
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cellular membrane of adult animals, are harmless when intro- 
duced into wounds in unborn animals. 

The uterus grows with its enlarging contents, so as constantly 
to preserve about the same thickness: it is always more than 
sufficiently capacious, so as to be plastic, not tense. 

About the fifth month it rises out of the pelvis, and rests 
against the front of the abdomen ; as it enlarges, the distinction 
between the body and cervix is lost: the os tince is flattened, 
and forms only a small rugous hole not readily discernible; it 
is closed by a tough glutinous matter which is fixed in the 
irregularities of the eurface. 

The fibres of the uterus exhibit something like a definite dis- 
position as pregnancy advances: viewed from within they are 
seen to be arranged concentrically round the orifices of the Fal- 
lopian tubes. The cervix'has not such regular or large fasci- 
culi as the rest of the uterus: when the internal stratum is re- 
moved, the fibres of the next layer, which are firmer and tougher 
than the innermost, seem to have no regular order. 

The ordinary period of utero-gestation is forty weeks. But 
labour frequently takes place before this term is accomplished. 
A child often lives that is born at eight months, or seven 
months, or yet earlier. Labour is most likely to occur at the 
usual expiration of forty weeks ; and within that time the pro- 
bability of its occurrence is directly as the age of the embryo. 
Premature labour is brought on by any cause which disturbs 
the system; by fatigue, exposure to excessive heat or cold, 
anxiety of mind, and the like. But may not labour take place 
within the forty weeks, and yet not be premature? And, on 
the other hand, may not the time of gestation be extended over 
this period? 

I cannot quote any better authority upon this subject than 
that of Dr. Merriman, from a paper by whom, in the Medico- 
Chirurgical Transactions, vol. xiii, I take the following table: 
it gives an account of the births of 114 children, calculated 
from, but not including, the day on which the catamenia were 
last distinguishable. Dr.-Merriman states, that he can fully 
vouch for its accuracy. He-adds, that it seems fair to infer 
from it, that conception is effected soon after the catamenial 
period has intermitted, more commonly than mmediately before 
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TABLE. 
At 255 days ...ccsccscescrecenevecs | 
DGG skcacecssevekieeesleemeeeitias l 
DAO: .. cccactiaPesebeesoneewwciueets ed 
3 in the 37th week. 
At 262 eanrte eesoneteereuernsorser 2 
QG3 cove seceueeenessbuteeee nes 2 
DG. osctincecdsvomteslossieuncsneies 4 
IG .cccanpeagencsweesace senna sees l 
OBG: ecccnskesvoravcseeneeneiakes 4 
13 in the 38th week. 
At O67. ees Saktiveesce su auaeenacas ] 
QGB8B .cscee sdubead esta weeneeeieaccs l 
DOO LcseeCesesbeacuweusaweeces ere | 
DIO) cr eiaeitenrnrcccersacsesantete I 
DT L baweeaaseeee sokieetieicc Cane eous 2 
272 66 e02ea08 e eetoe ee 2 
2LS: ssvsrersereies dated chem paremers 
14 in the 39th week. 
G97 4: crecickncesencivedeseesevanaee 4 
D7 5: veda teebutawe ri ennseeeveasees 2 
O76 Giisvetees Suk Gasieucceus piece 4 
O77 cies eG sud euwaw euinsuseen sauce 8 
OFS bocectwescsess sea iewnsadeseee 3 
279 siceses euieseseewecnies pedcews 3 
O80 wicicingsacesscs ee wecwmews 9 
33 in the 40th week. 
At 281 @eeeecoeoseseeeas eeeaaeoesesvevee eeseee 5 
DZ accenechcniereeunnaseaass sate op 
283 SCOCCHHEOSRO HR HOL OES ESeCOLESES 6 
DSA. seiiwssaeeuctctiwuweees re | 
OSD ceveuse ders wxwanieceavaodeews 4 
286 @€009006006888896880080000808638088 ee 3 


287 eeeesognseseeoseesereaseneneaeae l 


22 in the 41st week. 
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At 288 days ..... ed eshidvseeeecesens 5 
289 eeene eaeeoeseeosv eave eeseeeusvedcescea 2 
290 Sosseovevseosseneseseeeneseeesge 2 
292 eedéeoeveaessecss S@eevvvoeseaeeenaerses 4 
203 CeoeeaeeGeooeevesedesoaeseonacseesese 9 

15 in the 42d week. 
At 295. Swiaccinnietawiee? esbee ree | 
DOG © sedan puoi sasvaesedeac cues. 2 
° DOT cciuia vives weseieees cessed 2 
DOB: cawistecaresesevetevesaneseeus 4 
DOL: jivaess ceadeeeeuenietessceueass 1 

10 in the 43d week. 
AU BOS: wpeteuensieieecigsecceeetiiges ] 
S05 secceces svicahouseeesuaear arene 1 
DOG cadecvaicarhevesmaneeeeeceeies 2 


4 in the 44th week.. 


Labour, or the process of delivery, is preceded for two or three 
days by a mucous discharge from the vagina, and by slight 
pains about the abdomen and loins. The external parts swell 
and become relaxed, and even the ligaments of the pelvis lose 
their tenseness. 

The pains of labour commence with and consist in a pow- 
erful contraction of the uterus, accompanied with contraction 
of the abdominal muscles and diaphragm: they are repeated at 
intervals of half or a quarter of an hour. Impelled by this 
pressure, the membranes project at and dilate the os tince : 
they burst; the liquor amnii escapes, and at the next pain the 
pressure of the uterus falls directly upon the foetus. The head 
of the foetus gradually descends, urged on by succeeding 
spasms, the occiput foremost, the long axis of the head being 
disposed obliquely across the lesser basin of the pelvis. The 
occiput, as the external parts yield, glides off the inclined sur- 
face of the ischium, presenting at the orifice of the vulva, and 
bringing at the same time the long diameter of the shoulders to 
correspond with the greatest breadth of the pelvis. When the 
head is disengaged, the trunk readily follows. The umbilical 
cord is then tied, and divided. 

If during delivery the opportunity occurs of feeling the fre- 
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quency of the fcetal pulse in the umbilical cord, it is found to 
range under sixty in a minute. 

After a short time fresh pains return, when the placenta and 
membranes are detached and expelled. Labour, in the majority 
of cases, is completed in from four to six hours. The uterus 
then very slowly and insensibly contracts, so as to diminish 
the ample cavity, which has been rendered vacant. At the 
same time its volume is reduced by absorption. During the 
return of the womb to its former state, a discharge, at first 
tinged with blood, afterwards of a whitish colour, termed the 
lochia, ensues, which lasts for several days. 

At the moment after birth the infant dilates its chest, and 
respiration commences; at the same time the foramen ovale 
and the ductus arteriosus begin to contract and close. A new 
mode of existence commences. Yet for some time the infant 
continues immediately dependent upon the maternal system for 
its nourishment. 

The gland of the mamma, remarkable for the whiteness and 
firmness of its nodular texture, and for the mode in which it is 
mixed up with adipose substance, consists of several distinct 
lobes that are supposed to vary from twelve to twenty in num- 
ber. From innumerable branches in each of these a single duct 
is formed, which, without communicating with those adjoining, 
opens in the sulci upon the surface of the nipple. 

The mamma has a close sympathy with the uterus, so that 
it usually enlarges and becomes tender for two or three days 
before each period. During the latter months of pregnancy 
the mamma enlarges, and the areola surrounding the nipple 
takes a darker shade. Towards the time of labour the breast 
secretes a serous fluid: the secretion has generally the same 
appearance for two or three days after labour, but at length 
takes the well-known character of milk. The secretion of milk 
naturally continues till the middle of the second year. The 
milk is observed to be more abundant, thicker, and less acid, 
when the food of the mother principally consists of animal sub- 
stances: opposite qualities are noticed in milk produced upon 
a vegetable diet. No secretion indeed is more readily modified 
by the ingesta, than that under consideration: medicinal sub- 
stances taken by the mother impart their properties to the milk, 
which is thus rendered purgative, as the consequence of a dose 
of rhubarb or of jalap. cee 
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The milk of women differs from that of the cow in these 
particulars: it contains a much smaller quantity of curd, and 
rather more sugar of milk: its oil is so intimately combined 
with its curd that it does not yield butter. The quantity of 
curd increases in proportion to the time after delivery. Asses 
milk has a very strong resemblance to human milk *. 

The rudiments of mamme originally exist in both sexes; 
and it is asserted, and is probably true, that there have been 
instances, in which the gland has been developed and has 
secreted milk in the male sex. 


* Thomson’s Chemistry, vol. iv, p. 502. 


CHAPTER XIII. 


OF GROWTH AND OF REPARATION. 


Tue uses of the different parts of the frame have been now 
explained ; and the wonderful series of changes has been de- 
scribed, through which from a granular speck the embryo 
attains foetal maturity. Where these details end, another 
branch of physiology begins. The history of the subsequent 
growth of parts, and of their power of restoration when in- 
jured —the progress of the frame from childhood to manhood, 
from manhood to decay—and the study of the influences which 
promote or impair its energies—are subjects which have a more 
practical character, and therefore to physicians and surgeons a 
stronger interest than even those to which I have already ad- 
verted. A few only of these topics will however be treated of 
in the remaining pages of the present volume. I shall confine 
myself to describing the mode of growth of the unorganized 
parts of the frame, and the powers of restoration which exist in 
vascular parts. 


Of the Growth of Teeth. 


The rudiment of each tooth is a vascular pulp of the shape 
of the body of the future tooth, the surface of which that is 
most remote from the gum adheres to the substance of the jaw, 
and gives entrance to vessels and nerves: the rest of the pulp 
is unattached. A double membrane is reflected from the mar- 
gin of the adherent surface, to form a cyst or capsule over the 
sides and upper part of the pulp. The outer layer of this mem- 
brane is soft, thick, and vascular; the inner layer, which is in 
contact with the pulp, is thin and semi-transparent; it shows 
no appearance of vascularity, when the outer layer is most suc- 
cessfully injected. In the cavity surrounding the pulp, a trans- 
parent ycllowish liquid is found. 
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The growth of the bony portion of the tooth commences by 
the deposition of a layer of perfect tooth-bone or ivory upon 
the cutting edge or grinding surface of a tooth. This little cap 
of bone is therefore an exact mould of the surface by which it 
was secreted: its adhesion is very slight to the surface of the 
pulp, which shrinks to give room for the exsudation of a second 
layer, that coheres inseparably with that first formed. When 
the pulp shrinks, it at the same time becomes elongated, but 
in such a manner that the point where its vessels enter remains 
fixed, and the crown of the tooth is raised towards the margin 
of the gum. In proportion as the pulp is elongated, the cap- 
sules of bone successively formed one within the other are of 
greater length, being cast upon a longer mould: in this way 
the whole bony portion of the tooth is produced, the pulp con- 
tinually diminishing in thickness, but becoming elongated, 
till it has reached the exact dimension of the future cavity 
of the tooth. The pulp then ceases to secrete, and wastes 
to the condition of a vascular membrane, on which however 
the sensibility and vitality of the tooth which it lines de- 
pend. 

The preceding circumstances may be verified by examining 
human teeth at different stages of their formation, and by 
making sections of the teeth of an animal,—a growing pig for 
instance, — with the food of which madder has been mixed 
and discontinued during alternate periods of two or three weeks. 
In the latter instance the bone of the tooth displays alternate 
layers of red and white, and the innermost layer is always the 
longest. 

During the elongation of the pulp, the capsule undergoes no 
change except in place; it rises with the crown of the tooth, to 
the neck of which it adheres. The enamel is not formed till 
some time after the bone, and invests that surface only of the 
tooth which is contained within the capsule. 

Some animals have teeth, the pulp of which never shrinks, 
but continually adds to the length of the tooth: this is the 
case with the incisors of rodentia, and with the tusks of the 
elephant. The addition continually making to the roots of the 
incisors of rodentia is calculated to replace exactly the sub- 
stance lost by attrition: these teeth are constantly rising in a 
curve towards each other, and are kept serviceable by the dis- 
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position of the enamel upon their convex surface alone, which 
thus always presents a hurd and keen edge. 

After the division of the fifth nerve in the cranial cavity of a 
rabbit, I removed the crown of the incisor tooth in the upper 
jaw of the same side, and compared the time it took to grow 
to the Jevel of its fellow, with the result of a similar experiment 
upon a rabbit, in which the fifth nerve had not been divided. 
The tooth grew rather faster in the former than in the latter 
instance. 

The rudiments of the teeth in the embryo are at first con- 
tained in a shallow groove in either jaw with thin partitions 
between them: they adhere more strictly to the gum than to 
the base of the socket. In an embryo of four months, twelve 
little sacs are observed in each jaw, being the rudiments of all 
the temporary teeth and of the anterior permanent grinders. 

The shallow grooves, in which these pulps are first lodged, 
gradually rise and form alveolar processes: they arch over 
the pulps of the teeth, leaving, however, an opening towards 
the gum. 

The rudiments of the earliest formed teeth of the second set 
are at first contained in the same sockets as the temporary 
teeth, but ‘at the period of birth they are found in separate 
cells behind and without the cells or sockets of the corre- 
sponding temporary teeth. The cells of the second set again 
are not closed above, but have a narrow channel leading 
towards the gum, which contains a funnel-like process of the 
sac, that adheres to the neck of the corresponding temporary 
tooth. 

In an embryo about the eighth month, the pulps of the per- 
manent incisors and cuspidati are found. It is not till after 
birth that the rudiments of the remaining adult teeth make 
their appearance, in what order is not precisely known. 

The twenty temporary or milk teeth begin to appear on an 
average about the sixth month. They generally cut the gum 
in the following succession: the middle incisors of the lower 
jaw, the middle incisors of the upper, the lateral incisors of the 
lower jaw, the lateral incisors of the upper,—at intervals of 
three, four, or five weeks: about the twelfth or fourteenth 
month, the anterior or small grinders of the under jaw appear, 
and frequently about the same time those of the upper: about 
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the sixteenth or twentieth month, the cuspidati appear, first in 
the lower jaw; and between the twentieth and thirtieth month, 
the posterior or large grinders appear in the same order. 

Before the teeth appear, the gums have a raised firm edge. 
To make way for the teeth, the upper vaulted part of the alveo- 
lar processes and of the gums is absorbed. During this pro- 
cess indisposition frequently supervenes, which may be allayed 
by cutting down to the tooth at the part where the gum appears 
slightly swollen: the division should be made anteriorly to the 
middle of the gum: if the incision be made upon the back part 
of the gum, it may open the socket of a tooth belonging to the 
second set, and spoil it. 

The thirty-two permanent teeth begin to appear between the 
sixth and seventh year :—at this time the term of life of the 
milk teeth has expired ; the gums and alveoli no longer adhere 
to them: they become loosened, and on dropping out, some 
degree of absorption is generally found to have taken place near 
the end of the fang. The shedding of the milk teeth does not 
essentially depend upon the forwardness of the second set : fre- 
quently the milk teeth fall out some time before the permanent 
teeth appear ; or the permanent teeth rise, while the milk teeth 
continue firmly attached, and require extraction to give place 
to the second set. 

The permanent teeth appear in the following order: first, the 
middle incisors of the lower jaw; soon after, the middle inci- 
sors of the upper: then the outer incisors of the lower jaw, 
and at the same time the permanent anterior grinders: then 
the lateral incisors of the upper jaw, after some interval. The 
anterior bicuspides appear about the ninth year, the posterior 
about the tenth or eleventh: the cuspidati and middle grinders 
about the twelfth or fourteenth, and finally the last grinders 
between the ages of sixteen and twenty-five. 

Teeth, though not sensibly vascular, have some kind of life. 
A tooth taken from the head of a living person and immediately 
fixed in a living part, in the comb of a cock for instance, or in 
a socket from which another tooth has been drawn, adheres to 
the raw surface with which it is placed in contact, and becomes 
permanently attached to it. If the same experiment be tried 
with a tooth that has been some time removed from the living 
socket, it fails; the tooth is dead, and contracts no adhesion 
with a living since: 
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The alveolar processes are formed with the teeth: in propor- 
tion as the teeth of the infant make their appearance, the 
branch of the lower jaw lengthens to give them room. When 
in old age the second set of teeth drops out, the alveolar pro- 
cesses are absorbed ; but the same active care is not then shown 
as during infancy in accommodating the neighbouring parts to 
this alteration: no ridge of thicker membrane forms upon the 
edge of the gum to take the place and office of teeth: and no 
adequate shortening occurs in the branches of the jaw, to allow 
the gums to meet in exact apposition, and to prevent the cha- 
racteristic ‘projection of the chin. 


Of the unorganized Integuments. 


The unorganized integuments, the hair, the nails, the epider- 
mis, are formed of the same chemical elements, which in ani- 
mals assume the appearance of hoofs, horns, claws, and fea- 
thers: the element of which they consist exsudes in a soft state 
upon vascular surfaces, and quickly hardens by exposure. Of 
these substances hair and feathers grow upon pulps situated 
below the skin, the rest are secreted from the cutis. 

The cuticle in human beings appears an uniform elastic 
membrane, the thickness of which is increased in propor- 
tion to the pressure made upon it. No definite structure till 
lately has been attached to it: if on the one hand when form- 
ing warts, and on some other occasions, it splits into fibres ver- 
tical to the surface, in other instances the cuticle desquamates 
in layers parallel to the surface, and its texture seems laminated. 
But the recent researches of M. Breschet have satisfied him, 
that the general structural disposition of the human cuticle is 
in lamine parallel to the surface of the chorion; and that it 
contains two orders of tubes pervading it: one a spiral, conti- 
nuous with the spiral tube that penetrates the cutis from the 
gland that secretes the perspiration: the other arborescent in 
disposition, the trunk toward the chorion, and supposed by 
M. Breschet to belong to the absorbent system. 

On examining parts in animals, with which the cuticle is 
continuous, horns for instance, and hoofs, two types of struc- 
ture are apparent. Horn distinctly consists of fibres, of which 
the preater part are inclined at an acute angle to the surface on 
which they grow: the fibres of the tip alone are vertical or 
nearly so. This structure is apparent on making sections of 
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variegated horns, and upon peeling horns, that have been 
softened by maceration in diluted liquor ammonia, into strips. 
Hoof on the other hand has a porous tubular structure. The 
surface from which it is formed gives off innumerable long and 
slender villi, that descend in a vertical direction through the 
hoof towards its under surface, which they nearly reach. The 
delicate tubes, which render the substance of hoof porous, are 
the spaces occupicd by these villi. 

It may be remarked, that the hoof is a part sustaining a 
tolerably constant and equable pressure: horn onthe other 
hand is only occasionally employed, and that in violent efforts. 
Now there are various instances in animals, in which the cuticle 
naturally has a thickness of several lines, and shows a detinite 
structure. In some of these instances again, the pressure 
which the cuticle sustains is constant, in others occasional 
only :—it is singular, that in the former case cuticle is found 
to resemble hoof in structure, in the latter, horn. The cuticle 
of the whale is porous, and to the minutest points resembles 
the soft inferior and internal part of a horse’s hoof. The 
cuticle of the ostrich’s gizzard on the contrary is distinctly 
fibrous. 

In the epidermis of the ostrich’s gizzard the fibres are verti- 
cal to the surface; in a cow’s horn, the fibres at the tip are 
vertical, at the sides oblique :—1n each instance one principle 
is held in view; the fibres are so disposed as to be vertical to 
the pressure or attrition to which they are likely to be exposed. 
The distinction which I have pointed out between the structure 
of hoof and horn requires however some qualification. The 
tubular structure of hoof is in effect fibrous, and even has a 
fibrous appearance when a section is made through it parallel to 
the villi. The horn of the rhinoceros again, though its external 
superficies peels into fibres, yet presents at its base innumera- 
ble fine apertures of pores, which it is to be presumed contain 
in the recent state delicate villi. It is probable that the villous 
structure, when added to the natural fibrous character of the 
unorganized integuments, is for the purpose of strengthening 
their adhesion to the cutis, and preventing cracking. 

The nails are formed of an homogeneous substance of the 
same nature with horn. The apparatus determining their 
prowth and direction is very elaborate. The surface which 
secretes the nail is of the breadth of the nail, and from a 
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quarter to a third of an inch in length; its termination is 
marked by the curved line seen upon the nail, near its point of 
emerging. That the nail grows from that surface only, which 
is on the side of this line, remote from the end of the digit, 
admits of being proved by anatomy, as well as by experiment. 
For, if a longitudinal section is made of the third phalanx of a 
finger, with the nail zn sztw, it will be seen that the nail had 
acquired its full thickness by the time it had reached this line: 
the nail grows from the surface above and behind this line, 
being projected from it at an angle so acute, as to mowe for- 
wards, parallel and adherent to the cutis beyond. There are, 
however, two other provisions, the one for the adhesion of the 
nail, the other for its protection when first formed. The sur- 
face of cutis on which the nail is slowly propelled towards the 
end of the digit, is channelled by longitudinal grooves: these 
crooves are filled by corresponding ridges from the inner surface 
of the nail; and these ridges are added by a growth, which 
ensues after the nail is otherwise perfected, and beyond the 
semicircular margin already referred to. 

The provision for the protection of the nail at its formation, 
is found in a thin fold of skin, which overlaps the organ that 
secretes the nail, reaching nearly as far as the semicircular 
line which terminates the former. The office of this fold of 
skin is not, however, completed by thus covering the soft and 
tender nail when forming: there is likewise secreted from it 
a layer of a peculiar epidermis, which rises with the new nail, 
and unless pruned in cleaning the nail, is carried with it 
towards the end of the digit. A corresponding growth of cuti- 
cle is formed at the bases of horns and hoofs. 

The huir, resembling the nails in chemical composition, has a 
different origin: it is not formed by the cutis, but grows upon 
little glands, the seat of which, in human beings, is immediately 
within the cutis, which the hairs perforate through canals lined 
with epidermis. 

The nature of the organ which secretes the hair is often im- 
perfectly understood. It is not uncommon, for example, to 
speak of the bulb of a hair: now there is but one kind of 
hair, and that in certain animals only, where a bulb is met with. 
This hair is what forms the whiskers of animals. Each whis- 
ker, at its root, is contained in a strong oval case, of a thir 
cartilaginous matter, between which and the hair a gelatinous 
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cellular texture is found. The bulb is perforated at both extremi- 
ties; at one to let the hair out; at the other to admit the 
vessels and nerves on which the hair depends for its growth 
and sensibility. The eye-lashes, which most nearly approach 
the hair of the whisker, have not bulbs, nor has the hair of 
the axilla or pubes. The bulbs of the whiskers are intended in 
part, perhaps, for the protection of the secreting organ of these 
great hairs, but principally to give purchase to the muscles of 
the lips upon them, through which they admit of being moved 
in various senses. Animals, it seems, use their whiskers as an 
organ of sense. In a seal, of the weight of a middle-sized dog, 
I found each hair of the whisker supplied by a branch of the 
fifth, as large as one of the lateral digital nerves. 

Hair is considered of two kinds, crinal and pilar: crinal being 
that upon the head, pilar the stronger hair of the eye-brows, eye- 
lashes, and on the body. The pilar hair differs from the crinal 
in being coarser only. The pilar hair presents differences in 
the rapidity and extent and period of growth in different parts. 

The secreting organ, common to all hair, is a conical vascular 
substance, like the pulp of a tooth ; and properly shonld be called 
the pulp of the hair. Inthe whisker of the lion, it is of the shape 
of a pastille. It is found contained within the base of the hair, 
which is hollow to hold it; or which rather is necessarily hol- 
low, because it is formed upon this pulp, from which the sub- 
stance of the hair is perpetually secreted, that last exuded 
softer than the rest, like new-formed nail, but like the new- 
formed nail, pushing on that previously formed. 

A hair is a compound substance, consisting, like a quill, of 
an exterior denser horny matier, and of an internal, lighter, 
more spongy tissue. 

The vitality of hair is a very curious question. It is uncertain 
whether the vessels of the pulp are or are not in the natural 
state continued into the hair, so as to extend through its sub- 
stance in villi beyond the level of theskin. In well injected 
pulps of the quills of the porcupine, vascular lines seem 
to stretch into the structure almost indefinitely, like the vascular 
villi which pervade two-thirds of the hoof of the horse. If it 
is true that in the plica polonica the hair sometimes bleeds, | 
the phenomenon is more explicable by supposing an increased 
action and extension of a structure, the rudiments of which are 
traceable in health. Some absorbing power, at all events, 
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in health, must penetrate the hair. It is perfectly attested by 
Bichat and others, that the hair has lost its colour in the 
course of twenty-four hours from the influence of depressing 
mental emotions. 

A very remarkable case was not long ago submitted to me, 
in which a young lady had suddenly lost her hair, which, up to 
that time, was fine and plentiful. Withont any assignable 
cause, the hair broke off at a quarter of an inch from the head, 
and fell off in large locks; this singular process has since been 
repeated every three or four weeks: the hair grows in the 
intermediate period ; then breaks off, leaving the head with the 
appearance of having been cut close with scissors. Two sup- 
positions are requisite to explain this phenomenon. First, a 
momentary interruption of growth, rendering the hair almost 
discontinuous, where it afterwards breaks: secondly, a cause 
determining the complete discontinuity. I suppose that now the 
two causes occur simultaneously and are produced by one influ- 
ence. The young lady has suffered severe pains in the head. 

There are other tubes leading through the skin, which give 
passage to a different element, used like the hair, however, for 
the protection of the skin. This matter, of an oleaginous 
quality, exudes upon and forms a natural unguent for the skin. 
The secreting organ is probably nothing but a tube; it is best 
seen in the Meibomean glands, which line the tarsi. I may 
take this opportunity of introducing some notice of the fat, or 
adipose tissue, in contact with the sub-cutaneous layer of which 
the pulps of the human hair and the termination of the seba- 
ceous glands are immediately situated. 

Fat is an animal oil, contained in minute spherical cells, 
which are disposed between the skin and cellular tissue in 
many parts of the body, in the interstices of the muscles, at 
particular points about the kidney, in the meso-colon and me- 
sentery, and in the appendices epiploice, beneath the true peri- 
cardium, and sometimes beneath the pleura. 

Its accumulation may be viewed as affording a vent for the 
superfluous hydrogen of the frame. Its re-absorption often 
proves in illness an important source of nourishment. 

There are some persons who have a natural tendency to obe- 
sity, and in whom the most guarded abstemiousnenrs will hurdly 
repress it, The most remarkable instance of this kind on record 
was Daniel Lambert, whose weight was seven hundred and 
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thirty-nine pounds. He died at the age of forty. When 
he stood upright, the folds of fat upon his legs almost entirely 
covered his feet: he was sallow and unhealthy, with a thickly- 
furred tongue, as I remember, when I saw him. 

A Frenchman, named Seurat, who was shown in London a 
few years ago, with the soubriquet of the “ living skeleton,” 
exhibited the opposite extreme. An American, named Calvin 
Edson, shown more lately, was also extraordinarily emaciated 
and weighed but fifty-eight pounds. They had no apparent 
disease. The Frenchman was about thirty years old, and had 
wasted from infancy: the American about forty, and had wasted 
for sixteen years. A French penny roll, and a little vin du pays, 
was the Frenchman’s daily food in France; and in England a 
little meat, amounting, with a reduced portion of bread, to 
three ounces per diem. 


II. Of Restorative Processes. 


When a tooth is broken across, or a hair divided, the part 
detached has no means of becoming reunited. These are textures 
which are not vascular, and which once formed undergo no 
further change, being excluded from nutrition; when worn out, 
they are replaced, not renovated. Parts on the other hand 
which are vascular, and in which some inward change during 
their healthiest and strongest condition is perpetually going 
on, when injured exhibit determinate powers of self-reparation. 
These restorative powers are, ADHESION, INFLAMMATION, 
UNIONBY CALLUS. 


1. Of Adhesion. 


If the edges or surfaces of a clean wound of the integuments, 
extending or not to the cellular tissue, muscles, the mucous or 
serous membranes, or of the cornea, are laid in apposition, they 
become first glued together, and afterwards cohere by restored 
vascular continuity. 

The medium of union is either a thin film of blood, or of 
fibrin. . 

The former is used in trifling incisions through the skin, 
which happen to be closed immediately. 

In all other cases the bond of union is fibrin. From the 
vessels of the cut surface which have ceased to bleed, liquid 
fibrin exsudes, which glazes the surface like a layer of plastic 
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glue, and when those surfaces are laid in apposition, coagulat- 
ing firmly unites them. The layer of fibrin is extremely thin, 
probably not exceeding one-hundredth of an inch. 

The surfaces of a wound are fit for this process as soon as 
hemorrhage has ceased. In a shallow wound, like that in the 
operation for hare lip, five or ten minutes are commonly suf- 
ficient. In a deep wound (for example after an amputation) it 
is best to wait four or five hours, the parts being for that period 
hghtly approximated. At the expiration of four or five hours 
the wound requires to be opened, the coagula which have 
formed at different parts, from the continuing or renewed 
hemorrhage of small vessels, have to be removed, and the 
glazed surfaces have to be applied to each other, and main- 
tained in contact by moderate pressure. 

The period is not known, at which it is too late to produce 
union by adhesion: under common circumstances, it probably 
extends to twelve hours, or longer: if the habit is inflammatory, 
the period must be shorter; if the circulation is depressed by 
hemorrhage and cold, the period must be longer. 

The junction, thus mechanically commenced, is converted 
into organized union by vessels extending through the layer of 
fibrin. It is supposed, upon analogy, that this process begins 
within twenty-four hours. Peritoneal lymph, Sir Everard Home 
found in one instance had become organized in that period. 
In general, either organized union is completed, or the process 
has entirely failed in forty-eight hours. This is seen in cases 
of staphyloraphe, or of artificial reparation of congenital fissure 
of the palate. In persons of an asthenic habit the process is 
slower. I operated for hare-lip in a young lady, upon whom 
the same operation had been three times before performed by 
other surgeons, and had’ failed. I retained the pins in the 
lip for five days : on removing them, I observed that the bond 
of union was not organized, and like unset glue began at the 
corner to give way. Not allowing the parts to separate, I 
secured their continued apposition by pieces of sticking plais- 
ter: organized union followed. 

The conditions which promote anion by adhesion are cool- 
ness of the part, rest, the maintenance of contact by moderate 
pressure and support. The period, for which these conditions 
are to be maintained, varies with the extent of the wound. The 
film of union has no great tenacity. However perfect the 
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union at the expiration of three or four days, a very little force 
will separate it. In a large wound the rapidity of the organiz- 
ing process is different at different parts. 

Union by adhesion is liable to fail, first, from interrupted 
contact through exsudation of blood ; secondly, from motion of 
the part displacing the parts apposed ; thirdly, from the means 
maintaining approximation giving way, for example, bandages 
stretching, pinholes ulcerating; fourthly, from the pressure 
employed being so great as to produce mortification or inflam- 
mation ; fifthly, from inflammation ensuing through the habit 
being inflammatory, or the part being kept at too high a 
temperature. 

Union by adhesion will take place of strange surfaces to each 
other, as of one leg to the opposite: and even when a part has 
been temporarily separated from the body, and has undergone 
suspension of circulation and life. A tooth, the spur of a 
cock, Mr. Hunter thus transplanted into the comb of the ani- 
mal, and they adhered and lived. 


2, Of Inflammation. 


When union by adhesion has failed, union through inflam- 
mation may take place. 

Inflammation must be viewed as a mixed process. It cannot 
be considered in the present state of our knowledge as purely 
restorative. In a great number of instances every stage of 
inflammation appears injurious to the part and to the system. 
Nevertheless we cannot positively affirm that in any case it 
may not be an effort, although often a fruitless one, towards 
relief. Certainly in the reparation of wounds it bears this 
character; and in all cases, whether practically restorative or 
destructive, its features and essence are the same. They are 
the following. 

An external part inflamed is hotter than before, redder, 
swollen, and painful, 

The heat does not rise above that of the blood. Mr. Hunter, 
when operating in a case of hydrocele, ascertained the tempe- 
rature of the tunica vagitialis to be 92°: on the following day, 
when inflammation had supervened, the temperature of the 


wound was 98?}°. 
The redness results from the afflux of blood. This is de- 
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monstrable universally by artificial injections after death, and 
may be seen upon the inflamed conjunctiva during life. 

The swelling results partly from the increased quantity of 
blood, partly from interstitial effusion. 

The pain, whether numb or acute, whether aching or burning, 
or tingling, or shootitig, must be attributed to the altered cir- 
culation in the nerves of the part. 

In inflammation there are two changes in the state of the 
vessels, one common to the arteries and capillaries, the ord 
confined to the capillaries. 

a. More blood is sent to an inflamed part, than to a part not 
inflamed. Mr. Lawrence ascertained this to be the fact by 
bleeding patients with inflammation of one arm, simultaneously 
in both; about three times as much blood flowed from the vein 
of the inflamed arm, as from the vein of the uninflamed limb. 
We likewise see the veins of an inflamed limb to be full of 
blood, and feel the artery to be large and full. 

The flow of the blood in increased quantity into the limb | 
believe not to be inflammation, but an accessory only in the 
process. I believe it to be an event analogous to the increased 
flow of blood to the gravid uterus and to the secreting mamma, 
and produced in the same way. I suppose, agreeably with the 
theory explained at page 53, that it takes place through the 
arteries in the part becoming relaxed, whereby they yield a 
freer passage of blood into the part than before,—a freer passage 
than the arteries of other parts of the same body that are not 
relaxed allow of. The re:axed arteries make less opposition 
than unrelaxed arteries to the impulse of the blood, and yield- 
ing become larger tubes, and so contain and carry into the part 
a disproportionate quantity of blood. 

b. The specifically inflammatory character or condition of 
the vessels is the following. Its seat is the capillaries. When 
viewed in @ microscope [ar may be contrived with transparent 
membranes of living animals], the capillaries, on inflammation 
being excited, are seen to dilate, and the blood is seen to move 
more slowly in them : in the centres, where the inflammation is 
highest, its motion entirely stops, and the distinction of coloured 
particles and of the liquid in which they float is lost; the 
blood has coagulated. So are there three zones visible in such 
an observation: in the central space the blood has stopped in 
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enlarged capillaries, in the surrounding region the blood is 
moving slowly in enlarged capillaries, in the zone around the 
blood is moving with its accustomed rapidity in unenlarged 
capillaries. 

How are these phenomena to be accounted for, —the dilata- 
tion of the capillaries, and the clotting of the blood? The 
former I account for on the same supposition which accounts 
for the dilatation of the larger arteries in the part. The latter 
I think is of the same class of phenomena as the following. If 
a vessel is irritated,—if, for instance, a caustic issue is made 
over a vein,—or if the lining membrane of the heurt is scratched 
with a pointed instrument,—the blood flowing in the vein or 
over the serous surface, clots upon and adheres to that surface. 

That irritation may have different sources in ordinary in- 
flammations. In one case it is mechanical lesion, in ‘another 
an impression through the nerves, in another the withholding 
nervous influence ; but whatever its source, it acts thus: the 
vessels become relaxed ; and thickening or coagulation of the 
blood flowing through them takes place in the capillaries the 
most highly irritated. 

It is interesting to consider further the relation of the state 
of the capillaries in the inflamed part to the state of the arteries 
leading to them. The latter are relaxed through the extension 
of the irritation to them. They allow the blood to flow in in- 
creased quantity into the inflamed region; but this does not 
lead to an increased quantity of circulation in the actual seat 
of the inflammation. There there i. .aore blood indeed, for the 
vessels are dilated; but that blood is either stagnant, or movy- 
ing slowly. 

The process which has been described has in it nothing di- 
rectly restorative: on the contrary, it interferes with that pro- 
cess. When it supervenes in .a wound, the layer of uniting 
lymph, previously there, is never organized ; but is washed 
away by an exudation of serum. 

But first, in the theory of inflammation it is to be under- 
stood that the process may end by resolution ; that the changes 
which have been described may go as they came, without leav- 
ing any consequence. The blood is seen in such cases [when arti- 
ficially produced for the purpose] to move more quickly where 
it recently moved slowly ; to move again where it was recently 
stationary ; finally, to regain in each part its normal velocity, 
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the capillaries at the same time gradually shrinking or contract- 
ing to the size of health. 

And secondly, in the opposite extreme, the process may be 
destructive. If the irritation has been extensive and violent, 
the blood clots in all the capillaries of the part; the circulation 
is at an end; life is suspended in the part irretrievably, or mor- 
tification takes place. 

Intermediately between these extremes occur the phenomena, 
through which inflammation is restorative; but all the inter- 
mediate phenomena are not of this nature. " 

Inflammation may be followed by effusion of serum, effusion 
of lymph, effusion of blood, effusion of pus, ulceration, granu- 
lation, cicatrization. 

]. Effusion of serum.—Serum is the earliest inflammatory pro- 
duct: it exudes upon surfaces, and into the texture of organs: 
it is the cause of some of the tumefaction and of the brittleness 
of parts in the first stage of inflammation. What is the ratio- 
nale of this phenomenon? The blood ¢s obstructed in some of 
the capillaries of the inflamed region ; its thinner part is there- 
fore mechanically forced through the coats of the vessels. The 
same effect invariably results from the cause assigned, whether 
the obstruction be inflammatory or not. When the axillary 
vein is obstructed by the pressure of enlarged glands, the arm 
becomes cedematous. When the upper cava is compressed by 
a tumour, the face, throat, and arms, become anasarcous. 
When the cavity of the inferior cava is obliterated, the legs 
swell. When the hepatic circulation is obstructed, ascites 
follows. 

2. Effusion of lymph.—Lymph, or hquid fibrin, exudes upon 
inflamed surfaces, and into the texture of inflamed organs. To 
reach its source, the reader must be made acquainted with the 
conditions of inflamed blood. Their study reflects additional 
light upon some points already stated. 

Inflammatory blood exhibits three degrees or stages. 

a. In the lowest degree, it forms a firmer clot than usual ; 
evincing a disposition to clot, which no doubt contributes to the 
clotting already spoken of in the capillaries in the centre of an 
inflammation. The upper part of this firmer clot has the 
greatest tendency to contract; whence it follows, that it is 
more or less excavated or cupped. 

b. In the second degree, there separates from the blood 
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before it clots a small quantity of liquid fibrin, which floats on 
its surface : clotting when the blood clots, this fibrin forms a thin 
filmy layer, semi-transparent, a size as it is called. 

c. In the third stage, liquid fibrin separates in larger quan- 
tity ; and when it clots, forms a straw-coloured layer a third of 
an inch or more in thickness upon the upper surface of the red 
coagulum with which it is continuous. This is called a buffy 
coat. The contraction of the entire clot is sometimes forcible, 
but does not nearly equal that of the upper layer. The blood 
18 deeply cupped as well as buffed. 

Thus it appears, that, in inflamed blood, liquid fibrin has a 
disposition to separate from the rest. But the lymph of in- 
flammation is liquid fibrin; and Hewson proved that the fibrin 
of inflamed blood is more attenuated than that of healthy 
blood. No wonder that it strains out from the same cause with 
the serum. 

A coagulable inflammatory effusion presents two degrees. In 
ordinary pleuritic effusion, the liquid is largely diluted with 
serum ; the quantity of fibrinis small; the layer which coagulates 
thin. On the other hand, upon the iris, upon healthy ulcers, upon 
a fresh wound, in the peritoneum, in the most restorative inflamma- 
tion, the liquid which exudes is pure fibrin, and entirely coagulates. 

3. Effusion of blood.—In inflamed parts more or less blood 
is continually effused, mixed with the other products. Is it 
surprising that this should happen, when the serum and the: 
fibrin are profusely escaping ? 

4. Effusion of pus.—Pus is a viscid straw-coloured fluid, of 
the specific gravity of 1050; it coagulates when raised to the 
temperature of 112°, or when mixed with muriate of ammonia. 
Its colour depends upon innumerable particles suspended in it. 
What is the nature and source of this fluid? 

I have ascertained that the particles of pus bear the following 
relation to those of the blood. They are exactly of the same 
shape; that is to say, they resemble in form silk-worms’ eggs, 
being circular flattened discs with rounded edges, having a 
shallow circular depression on each flat surface. They were 
previously known to be circular, and to be larger than blood- 
particles. Measuring them, I found their diameter to be zdvss of 
an inch ; while, in the same micrometer, the particles of blood 
appear to be sess of an inch in diameter, agreeably with Dr. 
Hodgkin’s and Mr. Lister’s, and my own previous observations. 

Particles of pus are therefore without doubt particles fo 
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blood slightly changed. Long before I ascertained their rela- 
tion in form to the blood particles, Gendrin had seen the blood 
particles moving in the vessels of an inflamed transparent mem- 
brane, as they approached the surface of an ulcer, discharge 
their colour, and become pus particles. 

Pus thus is formed in the vessels of an inflamed part from 
the blood: its transudation is not surprising, when serum, 
lymph, and blood, have been already shown to escape. 

5. Ulceration.—Ulceration is effected by molecular absorp- 
tion: but all absorption is not ulceration. Ulceration is the 
absorption of a part, leaving a new and free surface. It is 
probable that ulceration never takes place without inflamma- 
tion: but ulceration may take place without granulation, or the 
formation of pus. Thisis shown in ulcerating articular cartilage. 
Ulceration is so far restorative, that it is the means by which a 
dead part is got rid of antecedently to the reparation of a 
wound. By ulceration, the living part adjoining the dead is 
carried away ; whereupon the dead part becomes detached. 

6. Granulation. — It is now that the restorative agency of 
inflammation shows itself. Granulations are lymph that has 
exuded upon an ulcerated surface, and become organized: but 
that lymph is a product of inflammation. Granulations are a soft, 
tender, vascular layer of lymph, with a surface not even, but 
covered with small irregular points. The granulating surface 
furnishes two secretions, both inflammatory ; the one, pus, with 
which it is lubricated and protected ; the other, liquid fibrin, 
which, coagulating, is organized from the surface it adheres to, 
and forms an additional layer of granulations. 

7. Cicatrization.—This 1s the conversion of granulations into 
a substitute for skin. The process commonly takes place at 
the edges alone of the granulated surface; sometimes at the 
middle as well. The granulations change into a soft moist sub- 
stance, of a pink colour at first, witha dry surface. This is 
cicatrix; it gradually thickens, and becomes white. The day 
that a portion of cicatrix 1s completed, it is insensible: about 
a fortnight after, it feels if pricked. 


3. Of union by callus. 

When tendons or nerves, cartilages or bones, are di- 
vided or broken across, the process of their reunion, in- 
stead of resembling the adhesive process, has more in com- 
mon with the growth of a cicatrix. The injured parts are 
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repaired through the intervention of a third substance, the pro- 
duct of a change in the neighbouring cellular texture. 

If the tendo Achillis is examined in a dog forty-eight hours 
after division, upon removing the skin, the subjacent cellular 
membrane that surrounds the tendon appears loaded with coa- 
gulable lymph and extravasated blood. Upon making a longi- 
tudinal section of the thickened substance, the cut ends of the 
tendon contained within it are found to be about an inch apart, 
but connected together by means of coagulated blood and 
swollen cellular texture. 

If the tendo Achillis is examined seven days after division, 
the ends of the divided tendon are found united by an inter- 
vening substance of greater thickness than the tendon itself, 
that is readily separable from the skin and subjacent parts. 
Upon a longitudinal section being made, the intervening sub- 
stance appears of a dark-red colour, firm, and to a certain de- 
gree elastic: it coheres, in some parts firmly, in others slightly, 
with the cut ends of the tendon, but strongly and inseparably 
with the cellular sheath of the tendon, which is discoloured for 
some distance from the wound ; so that either end of the tendon 
admits without much force of being displaced from a socket in 
the intervening substance. 

At seventeen days after division, the intervening substance 
[or callus as it may be termed] is found diminished in thick- 
ness, and to be firmer, paler, and inseparably coherent with 
the cut ends of the tendon, the nature of which it gradually 
assumes. 

The redness which I observed the callus to have, in the early 
stages of these experiments, is to be considered as accidental. 
The only mode of dividing the tendon was to cut it. But this 
involved an external wound; and although that wound healed 
by adhesion, and allowed the tendon to unite as a ruptured 
tendon unites, still it necessarily involved effusion of blood, 
which infiltrated the cellular membrane. 

When a nerve is divided, the process by which its ends are 
joined closely resembles the mode in which tendons unite. 
Without detailing the appearances on dissection at an earlier 
period, let me describe the state of the part at the time when 
the return of its function first manifests itself. 

I divided the infra-orbital nerve on one side upon the face of 
acat, aud removed a minute portion. The skin of the upper 
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lip immediately lost sensation. The wound, however, readily 
cicatrized ; and by the twentieth day sensation appeared en- 
tirely restored. Upon examining the part at this period, the 
nervous fibrils appeared to be united by a thick knot [or callus] 
of tough gray semi-transparent substance. On making a lon- 
gitudinal section of this substance, and of the nervous fibrils 
which entered it, the extremities of the divided filaments ap- 
peared nearly two lines asunder, and firmly coherent with the 
intervening substance: here and there a whitish fibril seemed 
to extend further into the connecting medium, but no restora- 
tion of continuity by nervous substance between the fibrils was 
yet observable. 

When the portio dura is divided on the face of an animal, it 
unites in a similar manner; but the nerve does not begin under 
four weeks to resume the office of transmitting the influence of 
the will. About this time, the eyelids, which hitherto have 
been motionless, are observed to be slowly and imperfectly 
drawn towards each other, whenever the surface of the con- 
junctiva is touched. 

Cruikshank and Haighton observed, that if the pneumo- 
gastric nerve is divided, first on one side, and then on the 
other, with an interval of three weeks between each operation, 
by the expiration of that time the nerve first divided has united 
sufficiently to have its function restored, and the division of 
the second is not necessarily fatal. Magendie indeed denies 
that this result ensues : ke found that the division of the second 
nerve was as fatal at the expiration of several weeks, as if it 
had been performed at the same time with the division of the 
first. I have recently repeated the experiment, dividing the 
second nerve a wonth after the first: the animal died in three 
days. On examining the parts, however, I found that the 
nerve that had been first cut (a small portion, I should mention, 
had been removed) had happened not to unite: the upper por- 
tion retained its volume and colour, and ended in a white bulb: 
the lower portion was shrunk in size, and was greyish or semi- 
transparent in colour. As it is not possible to doubt the cor- 
rectness of Cruikshank’s and Haighton’s experiments, [ am 
inclined to suppose that in the instances in which the experi- 
ment did not succeed with Magendie, the failure was owing 
(as in my own case) to an accidental want of union between the 
extremities of the nerve first divided. 
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If the cartilage of a rib is examined in a dog forty-eight 
hours after division, the cut surfaces of the cartilage are not 
found to have undergone any change: they are held together 
by a loose capsule formed by the surrounding parts. Towards 
the seventh day this capsule has assumed a dense elastic tex- 
ture, and distinctly includes the adjacent cellular membrane 
and muscular substance. The edges of the cartilage appear 
rounded off, and a slight exsudation of lymph seems interposed 
between the disjoined surfaces. On the seventeenth day the 
appearance is much the same; the intervening substance, which 
has acquired consistence, is continuous with and appears de- 
rived from the capsule or callus. About the twenty-eighth 
day, the intervening layer of lymph is found adhering to and 
looselv uniting the opposite cartilaginous surfaces. 

The changes which attend the reunion of a broken bone are 
even more elaborate than those which occur in the preceding 
instances. The most valuable observations which have been 
published upon this subject are by M. Dupuytren. The phe- 
nomena which are observable during the first month, I had, in 
concert with Mr. Derwentwater Ratcliffe, ascertained by expe- 
riment,* without knowing that they had been already de- 
scribed. 

If a fractured limb is examined within forty-eight hours 
after the injury, the periosteum is found to have been stripped 
irregularly from the broken ends of the bone: the cancelli of 
the bone and the neighbouring soft parts seem in a state of 
ecchymosis; the quantity of blood, however, effused from the 
ruptured vessels is generally inconsiderable. Where it is con- 
siderable, the process of restoration is found to be retarded. 

On the fourth day a change is found to have supervened ; 
the parts adjacent to the broken ends of the bone have become 
condensed by infiltration with gelatinous lymph, and form a 
capsule, which contains the broken extremities. The thicken- 
ing includes every neighbouring texture : the muscles, tendons, 
and cellular membrane, for the extent of several lines, seem 
condensed into one tough elastic mass. 

During the next fortnight this capsule becomes of greater 
firmness: at the same time the special textures which are 
involved in the injured thickening become extricated from it; 
the tendons sometimes continuing to occupy distinct grooves in 
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it. The capsule now changes into cartilage, and is termed the 
provisional callus. 

After the third week ossification commences in the callus. 
By the expiration of four or five or six weeks the broken ends 
of the bone are united by an osseous case extending from the 
one to the other, having its adhesion at some little distance 
from the fractured edge. The only union between the extremities 
of the bones, that hitherto has taken place, is by organized 
lymph. It is still soft, but highly vascular. 

During the interval between the sixth week and the fifth 
or sixth month, the process of ossification extends from .the 
capsule to the soft substance which directly unites the broken 
surfaces. The medium of direct union ossifying is called the 
definitive callus. Atthe same time the provisional callus shrinks 
in proportion as the direct union renders its continuance unne- 
cessary. After a few months more, the provisional callus has 
disappeared, the bone has shrunk to the natural size, and even 
its cavity is gradually restored. 

Thus it appears established upon a very extensive induction, 
that union of internal parts depends upon changes which take 
place in the adjacent textures, among which the cellular mem- 
brane is probably the most important. This conclusion derives 
support from, at the same time that it serves to explain, the 
curious circumstance, that fractures of a bone at a part where 
it is insulated from the surrounding textures, most rarely unite 
by bone. In Sir Astley Cooper’s Treatise on Dislocations, the 
fact is proved by reference to a vast body of evidence, that when 
the neck of the femur is broken within the capsular membrane, 
bony union does nat usually follow. 

Of several instances, which I have myself had an opportunity 
of examining, let me select the following to illustrate this 
anomaly. A woman about the age of fifty fell with great 
violence upon the left hip. The limb was not shortened, but 
was rendered useless: pain and swelling ensued. She was 
confined to her bed for five months; after which she gradually 
regained strength in the injured hip, and became enabled to 
walk with the assistance of a stick. Thirteen months after the 
accident she died suddenly of apoplexy. Upon examination, 
the neck of the femur was found. to have been broken within 
the capsular membrane: union had taken’ place by a layer of 
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soft but tough substance three lines in thickness, in which, 
however, not the least trace of earthy matter was discovered. 
The preparation, with the details of the case, was given to me 
by my friend Mr. Sweatman: there is an engraving from it in 
Sir Astley Cooper’ s work on Dislocations. In a fracture of this 
description, it is obvious that the broken ends of bone remain 
enclosed in a synovial cavity, whereby they are cut off from 
continuity with those parts, the changes in which lead to union 
in other cases. 

"When the neck of the femur is broken, and the fracture is 
half within and half without the capsular membrane, the former 
part has been found united by ligament, the latter by bone. 

When the fracture is entirely within the capsular membrane, 
and ligamentous union ensues, some growth of bone is occa- 
sionally found to have occurred on the outside of the capsule, — 
the commencement doubtless of the process, which has been 
already described in the ordinary reparation of bone, but which 
in this case is prevented having any useful effect by the inter- 
vention of the synovial membrane. 

It must not, however, be denied, that union by bone, in 
fracture of the neck of the femur within the capsule, is possible. 
it has been proved that it occasionally takes place: but the pro- 
cess is slow, and follows at a long interval a previous soft or 
ligamentous union. The possibility of ossification gradually 
extending across from bone to bone is shown by what happens 
after loss of part of the cranium. When the skull is fractured, 
the membrane on either side of it undergoes no change like that 
which leads to the reparation of other bones: no thickening 
takes place; no callus is formed ; and for several months there 
ig no apparent attempt at restoration. But the edges of the 
broken bone are observed gradually to become rounded, and 
after a time to encroach upon the intervening membranous 
substance, the extent of which in the lapse of months and years 
becomes less and less, the bones either partially, or, if the 
fissure be narrow, wholly uniting by a direct extension af 
ossification from one to the other *. | 

I may mention, in conclusion, an instance of deficient union " 


* Thave allowed this brief outline of thé general process of reparation to | 
remain in the present edition of this book; but the subject more properly 
belongs to Pathology: and the reader baa & more aed treated in thy 
outlines of that science. 
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after partial division of a nerve, which is closely parallel to the 
common case of deficient bony union after fracture of the cervix 
femoris. An attempt was made to divide the fifth nerve at 
the side of the pons Varolii in a young cat. The animal imme- 
diately lost the sense of feeling in the parts supplied by the 
first and second divisions of the fifth, and the cornea in a few 
days became partially opaque: but the iris moved, and the 
animal saw distinctly with the eye, which had lost the sense of 
touch. During eighteen months no further change ensued: 
not the slightest return of feeling was observable in the eye, the 
nostril, or cheek of the mutilated side. At this period the 
animal was killed. Upon exammation the following appear- 
ances presented themselves. The fifth nerve had not been 
entirely divided; which accounted for the continuance of 
sensation in the parts supplied by the third division of that 
nerve. What remained undivided of the fibrils of the fifth 
held the severed fibrils nearly in apposition, and at the distance 
only of a line asunder: they were united by a thin film, which 
seemed a clot of blood, that had nearly lost its colouring matter; 
the adhesion gave way on slight pressure. 

Now a nerve when traversing the cavity of the arachnoid 
. membrane is in a position analogous to that of the neck of the 
thigh bone: it is not surrounded by cellular texture ; and its 
restoration when divided is imperfect. 

Yet in such a case every other condition favourable to repa- 
ration is present : the divided surfaces are nearly in apposition, 
the supply of blood is not interrupted, and the parts are kept 
perfectly at rest. 

But what, it will be inquired, is the nature of that action, 
which set on foot in the neighbourhood of the injured parts 
leads to their restoration ?—this effusion of gelatinous lymph, 
which gradually hardens into an appropriate callus. Is the action 
inflammatory? I think that it is not. Inflammation is the 
general attendant of compound fractures of hones; the process 
which it sets up is seen to be materially different from the phe~ 
nomena which attend the reparation of simple fractures. Sup- 
puration and granulation take place; and the granulations 
formed in the wound become the callus. 

It is true indeed that these granulations are organized lymph, 
and eo is the provisional callus of simple fracture. But there is 
another phenomenon, which closely borders upon inflammation, 
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and yet is different, which comes nearest, probably, to the 
action sought to be explained. 

When coneeption has taken place, the uterus becomes more 
vascular than before; and its inner surface, when the oppor- 
tunity occurs of injecting it with size and vermilion, is ren- 
dered of the brightest red. But that redness is not inflamma- 
tion. Nevertheless it is accompanied by one of the products of 
inflammation. Lymph (which is to form the decidua and pla- 
centa) is poured out by the vascular surface. Increased action 
is then present; and with it, a product identical with one of those 
of inflammation. Such likewise are probably the elements in 
the reparation of parts (injured without an external wound) by 
means of a provisional callus. 


CHAPTER XIV. 


OF THE VARIETIES OF THE HUMAN SPECIES. 


In a system of physiology, however elementary, some account is 
expected of the diversities which the human race presents in dif- 
ferent parts of the globe. To follow this subject in all its bearings, 
to consider it as illustrating the origin and primary condition, 
the early habitation, and the distribution, of our species, con- 
stitutes one of the most interesting branches of speculative 
research. Such an inquiry demands a critical study of the 
traditional history of nations, of their affinities in language and 
customs, of their resemblance in mental endowments and in 
physical character, as well as a careful examination of the 
analogies which the natural history of other living beings 
presents. The most important questions among those which I 
have enumerated, the student will find very abiy treated 
in Dr. Prichard’s work upon the Physical History of Man: 
he may likewise consult with advantage the Lectures of Mr. 
Lawrence; and in the Decades Craniorum of Blumenbach he 
may examine a part of the original materials upon which that 
celebrated naturalist of the human species founded his classifi- 
cation of the families of mankind by their physical character. 
It is to the last inquiry alone that I shall advert on the 
present occasion. By extracts from the authorities collected 
and quoted by Dr. Prichard, I shall attempt to display the 
most remarkable differences in form and structure that are 
observed in different nations. They will be found to be such as 
we may reasonably suppose to have resulted from the influence 
of accidental causes operating upon one original species or family. 
Yet had we not additional evidence to that which the physiolo- 
gical study of Man presents, the opposite hypothesis would have 
been far from untenable; and we might have concluded, that 
the earth was peopled at different points, with families of human 
beings of different physical organization, appropriated to the 
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climates in which they were placed ; and that the numerous 
intermediate shades, which now blend together and combine 
the whole into one continuous series, have resulted from sub- 
sequent intermixtures of branches of the original tribes. 

The characteristic differences among mankind are found in 
the colour of the skin, in the texture of the hair, and in the 
shape of the cranium and face. 

1. The differences of colour among different nations may be 
ranged under two classes, the melanic and the xanthous. 

The melanic variety includes all individuals or races who 
have black hair, and forms by far the most numerous part of 
mankind. The hue of the skin varies, from a deep black, 
which is the hue of some African nations, to a much lighter or 
more diluted shade. The dusky hue is combined in some 
nations with a mixture of red, in others with a tinge of yellow. 
The former are the copper-coloured nations of America and 
Africa, the latter the olive-coloured races of Asia. In the 
deepness or intensity of colour, we find every shade or gradation, 
from the black of the Senegal Negro, or the deep olive and almost 
jet-black of the Malabars, and some other nations of India, to 
the light olive of the northern Hindoos. From that we still 
trace every variety of shade among the Persians and other 
Asiatics, to the complexion of the swarthy Spaniards, or Euro- 
pean brunettes in general. 

The xanthous variety includes all those individuals who have 
light brown, auburn, yellow, or red hair. With hair of these 
colours is almost always combined a fair complexion, which on 
exposure to heat acquires not a black or deep brown hue, but 
more or less of a red tint. This variety, however, passes 
insensibly into the others: it would be difficult to determine 
whether some of the individuals belong to it or to the melanic. 

The seat of the dark-coloured families of mankind is within 
or near the tropics; and the circumstances under which the 
darkest shades are found, and which we are led to view as pro- 
ductive of them, are a more completely savage state, a more 
immediate vicinity to the equator, and a situation but little 
raised above the level of the sea. 

Under opposite circumstances, the colour of the skin becomes 
lighter. There is something in the temperately cold regions of 
Europe and Asia, which especialy favours the production of 
the xanthous variety ; it is in these coustries. thet. it prevails, 
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and is in some instances the general character of whole tribes. 
Hither it springs up more frequently in these regions than 
elsewhere, or when it casually appears, multiplies and is propa~ 
gated more extensively. It is not uncommon to find it pre- 
vailing in high hilly tracts, while in the neighbouring low 
grounds it gives place to the melanie variety. It has been 
observed, that the western regions of North America assimilate 
nearly in climate to the same latitudes in Europe. This remark 
applies to the country between the Esquimaux to the north, 
and the neighbourheod of Port Discovery in the forty-eighth 
degree of latitude to the south. It is extremely interesting to 
remark, that the inhabitants of these regions, consisting of 
several distinct races, are ag white as the nations of Europe. 

It appears that among the races of the darkest colour, the 
xanthous complexion occasionally manifests itself. Pallas has 
minutely described a white negress seen by him in Lendon in 
1761. She was born of negro parents in Jamaica, and was 
sixteen years of age. She was of small stature, fair complexion, 
with ruddy lips and cheeks. The iris was of a brownish grey 
colour. Her hair, which was quite woolly in texture, was of a 
light yellow colour, or what the French call “ blond.”’ This 
girl had the negro features strongly marked, and had every 
appearance of negro descent. Such an occurrence, however, is 
exceedingly rare; but a deviation not very distantly removed 
from it is by no means unfrequent. Persons are occasionally 
born, of every race of mankind, who to the features of that race 
join a complexion withont colour; not pale indeed, but rather a 
milk white; yet eceasionally it has a uniform light tint of the 
faintest pink. The eye has no black pigment, so that the iris 
and pupil are of different shades of red: the haiy is of a pale 
yellowish white or cream gsolour, but sometimes in European 
people of this description it has a pale gold colour, resembling 
in texture and glossiness unwrought silk. Persons with this 
appearance are termed albinoes. Like pied people, they have 
not occurred in such numbers as to form q large propersion of 
the inhabitants of particular districts. 

2. The hair of the head presents three especial varieties of 
texture: either, as in the African, it is erisp and woolly, the 
filaments fine apd short, with a peculiar spiral twist, and appa- 
rently a raughgess of surface, which occasions them to become 
matted, end in seme measure felted into a mess; or it ig long, 
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coarse, and lank, as in the eastern Asiatics; or it is soft and 
flowing, and inclined to curl, as in the inhabitants of almost the 
whole of Europe. 

3. There are three principal varieties in the form of the skull, 
which, to borrow the terms employed by Dr. Prichard, may be 
termed steno-bregmate, meso-bregmate, and platy-bregmate : 
they are thus characterized. 


1. Of the steno-bregmate cranium. 

The head narrow, compressed at the sides; the forehead 
very convex, vaulted; the cheek bones projecting forwards: 
the nostrils wide; the fosse maxillares deeply marked behind 
the infra-orbital foramen; the jaws lengthened; the alveolar 
edge narrow, long, and elliptical; the front teeth of the upper 
jaw turned obliquely forwards ; the lower jaw strong and large ; 
the skull in general thick and heavy. 

Face narrow, projecting towards the lower part; eyes pro- 
jecting (a fleur de téte), nose spread and almost confounded 
with the cheeks: the lips, particularly the upper one, very 
thick ; the jaws prominent, the chin receding. 


Z2. Of the meso-breginate cranium. 

The head of the most symmetrical shape, almost round ; 
the forehead of moderate extent ; the cheek bones rather narrow 
without any projection, but having a direction downwards from 
the malar process of the frontal bone; the alveolar edge well 
rounded : the front teeth of each jaw placed perpendicularly. 

The face of an oval shape, straight; features moderately 
prominent ; forehead arched; nose narrow, slightly arched, or 
at least with the bridge somewhat convex; cheek bones not at 
all projecting ; mouth small, with the lips slightly turned out, 
particularly the lower one ; chin full and round. 


3. Of the platy-bregmate cranium... 

The head almost square; the cheek bones projecting 
outwards ; the nose flat ; the nasal bones and the space between 
the eyebrows nearly on the same horizontal plane with the 
cheek bones; the superciliary arches scarcely to be perceived ; 
the nostrils narrow ; the alveolar edge in some degree rounded 
forwards; the chin slightly prominent... 

Face broad and flattened, with -the: parts. imperfectly dis- 
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tinguished ; the space between the eyes flat and very broad ; 
nose flat; cheeks projecting, round; narrow and linear aper- 
ture of the eyelids extending towards the temples; the internal 
angle of the eye depressed towards the nose, and the superior 
eyelid continued at that part into the inferior by a rounded 
sweep ; chin slightly prominent. 

The adjoined figures represent instances of the three extreme 
diversities in the form of the head, in the order in which they 
have been described. The heads are supposed to be seen from 
above, in which position the differences from which the terms, 
steno-bregmate, meso-bregmate, and platy-bregmate are taken, 
are most observable *. 

When we now cast our eyes over the great continents of the 
globe, to see whether the peculiarities in colour and in the 
shape of the head, which have been described, occur indis- 
criminately in the same regions, or are preserved apart, giving 
a characteristic appearance to the inhabitants of different coun- 
tries, we notice, that individuals may be found in every nation, 
who, in their form, recede from either extreme, and come near 
to the mean type of the human family ; but that nevertheless 
in different regions one particular configuration is more espe- 
cially affected, so us to be characteristic of their inhabitants. 

The natives of Africa have steno-bregmate skulls and woolly . 
hair; the inhabitants of Europe and of the western part of 
Asia, exhibit the meso-bregmate skull, with soft and flowing 
hair; the inhabitants of northern and eastern Asia and of 
America, are characterized by the platy-bregmate skull, with 
coarse and lank hair. 

Each of these varieties contain tribes of a dark colour, but 
the darkest shades belong to the steno-bregmate variety : the 
fairest to the meso-bregmate : the olive and tawny colour are 
most prevalent in the platy-bregmate. 

The people of the islands in the great Southern Ocean pre- 


* There is a singularity which I do not remember to have seen any- 
where noticed, that I have observed in one steno-bregmate and in one 
platy-bregmate skull, buth of which were otherwise ezireme specimens. 
The coronal suture, instead of being received upon the sphenoid bone, ia 
each terminated upon an advanced part of the squamous portion of the 
temporal. What struck me as giving the more interest to this observation 
is, that I observe inthe head of the Oran Otang the coronal suture to 
terminate as in the méao-bregmate = skull, whereas” in the inferior 
* simize it ends upon the temporal bone. 
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sent a physical character more diversified and capricious than 
that of the continents of the globe; yet its varieties are in 
great measure referable to the three great classes which have 
been described ; many islands contain two distinct races, one 
of Indian, the other of Negro conformation. Others again 
have inhabitants in which we recognize the physical character 
belonging to the meso-bregmate variety. But the great 
Southern Ocean is bounded by continents, on the shores of 
which are spread races of mankind having each of the three 
primary characters which have been described ; it is not there- 
fore surprising that its islands should be promiscuously peopled 
with races whose diversified characters resemble those of the 
three continental varieties. It is to be remarked, however, that 
in the Alfourous, who will be described in connection with the 
Papuas or modified Ethiopian variety in Polynesia, peculiar 
points of difference occur, which have led some to consider these 
as a separate race,—the indigenous family of that region. 

Let me now complete the design I have in view, by exhibit- 
ing various sections of mankind, selected in such a manner as 
to show the range of variety, or deviation from the three 
primitive or extreme types, which different races of mankind 


present. 


Of the diversities among the steno-bregmate or Aithiopian variety 
of mankind. 


The instances which I have selected will show how far from 
generally prevalent among the nations of Africa is the com- 
bination of the steno-bregmate skull with a skin of the darkest 
shade of brown, and with woolly hair, such as forms the ideal 
personification of a Negro. The ugliest Negro tribes are con- 
fined to the equatorial countries; and on both sides of the 
equator, as we advance towards the more temperate zones, the 
persons of the inhabitants are more handsome and well formed. 

1. The following is a description of the Negroes of the race 
of Acra, by Isert the Danish traveller. 

«© Almost all the Negroes are of a good stature, and the 
Acra Negroes have remarkably fine features. The contour of 
the face, indeed, among the generality of these people is 
different from that of Europeans: but at the same time faces 
are found among them, which, excepting the black colour, 


would in Europe be considered as beautiful. Commonly, how- 


Of the Yoloffs. 491 


ever, they have something apish. The cheek bones and chin 
project very much, and the bones of the nose are smaller than 
in Europeans. This last circumstance has probably given rise 
to the assertion, that the Negro women flatten the noses of 
their children as soon as they are born. But noses may be 
seen among them, as much elevated and as regular as those of 
Europeans. Their hair is woolly, curled, and black ; but some- 
times red. When continually combed, it may be brought to 
the length of half'a yard; but it can never he kept smooth *.” 

2. Barbot describes Negroes upon the Gold Coast, with 
features, in which the Negro conformation was reduced to an 
approach to European symmetry, the skin indifferent black, 
with long curled hair sometimes reaching down to their shoulders ; 
the women for the most part haying high noses somewhat 
hooked, and long curling hair. 

3. The country between the Senegal and Gambia, and from 
Cape Verd as far as the boundaries of the Foulahs, is the 
abode of the nation of Yoloffs, or Yaloffs, who were formerly 
united under the dominion of the Bourb’ Joloff, or Yoloff 
Emperor, but are now divided into several states. The Yoloffs 
are described by travellers as a very fine race of people: they 
are tall, well made, of middle stature; their countenances are 
ingenuous and agreeable, but have in some degree the flat nose 
and thick lips common to many Negro nations, though many 
of them have regular features. Their hair is crisp and woolly : 
their colour is a fine deep clear black. They are cheerful and 
indolent. They have a peculiar language, which is said to be 
harmonious. The circumstance, that the Yoloffs at the northern 
extremity of Negroland are of a deep black colour, has drawn 
the following remark from a traveller well acquainted with the 
nations of Africa. 

“‘ This race of Negroes, the most handsome and the finest 
black of all those dependent upon the government of the 
Senegal, proves that the deepest colour does not arise solely 
from the heat of the climate, nor the beg more subjected to 
the vertical rays of the sun, but results from other causes. For 
the Jolofis are to the north of Nigritia; and the further you 
recede from them and approach towards the line, the black 


* P. E. Isert; Reis na Dordreeht, 1790. Translated in Philes. Mag. 
vol. iii, P- 144. z ‘ j 
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colour of the Negroes becomes less and less strong and un- 
mingled *.” 

4. The Tihboo are divided into six tribes, who occupy the 
country east of Fezzan, and between Fezzan and Bornoo. The 
following account of them is by Captain Lyon. 

“ The Tibboo females are light and elegant in form, and 
their graceful costume, quite different from that of the Fezza- 
ners, is well put on. They have aquiline noses, fine teeth, and 
lips formed like those of Europeans; their eyes are expressive, 
and their colour is of the brightest black. There is something 
in their walk and erect manner of carrying themselves which 
is very striking. Their feet and ankles are delicately formed, 
and are not loaded with a mass of brass or iron, but have 
merely a light anklet of polished silver or copper, sufficient to 
show their jetty skin to more advantage: they also wear red 
slippers. Their hair is plaited on each side, in such a manner 
as to hang down on the cheeks like a fan, or rather in the form 
of a large dog’s ear. 

“The Tibboo of Bergoo seem to approach the Negroes in 
their physical character. They conceal themselves from the 
Arab hunters by kneeling on the ground, which is of the same 
colour as their skin, being black basalt. They are however of 
lighter complexions than other Negroes, and are handsomer 
people. The females wear their hair, which is not very woolly, 
in long plaits.” 

5. “ The people of Berber,” says Burckhardt, ‘‘ are a very 
handsome race. The native colour seems to be a durk red 
brown, which, if the mother is a slave from Abyssinia, becomes 
a light brown in the children, and if from the Negro countries, 
extremely dark. The men are somewhat taller than the Egyp- 
tians,and are much stronger and longer limbed. Their features 
are not at all those of the Negro, the face being oval, the nose 
often perfectly Grecian, and the cheek bones not prominent. 
The upper lip is, however, generally somewhat thicker than is 
considered beautiful among northern nations, though it is still 
far from the Negro lip. Their legs and feet are well formed, 
which is seldom the case with Negroes. They have a short 
beard; their hair is bushy and strong, but not woolly : it lies 
in close curls when short, and when permitted to grow, forms 
itself into broad high tufts.” 


* Golberry, i, p. 75. 
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6. The term Nouba is given to all the blacks coming from 
the slave countries to the south of Sennaar. Speaking of these, 
Burckhardt observes, that their noses are less flat than those of 
the Negroes; their lips are less thick, and their cheek bones 
not so prominent. Their hair is generally similar to that of 
Europeans, but stronger and always curled ; sometimes it is 
woolly. Their colour is less dark than that of Negroes, and 
has .a.coppery tinge *. 

7. The Copts are well known to be the descendants of the 
old Egyptians. Many travellers have remarked among them a 
certain approximation to the Negro. Volney says, that they 
have a yellowish dusky complexion, with a puffed visage, 
swollen eyes, flat noses, and thick lips, bearing much resem- 
blance to Mulattoes. M. Denon says he was much struck 
with the resemblance of the Copts to the old Egyptian sculp- 
tures, characterized by ‘ flat foreheads, eyes half closed and 
raised up at the angles, high cheek bones, a broad flat nose, 
very short, a flattened mouth, placed at a considerable dis- 
tance from the nose, thick lips, little beard, a shapeless body, 
crooked legs, without any expression in the contour, and long 
flat toes.” 

Mr. Ledyard, whose testimony is of the more value, as he 
had no theory to support, says, ‘ I suspect the Copts to have 
been the origin of the Negro race; the nose and lips correspond 
with those of the Negroes. The hair, whenever I can see it 
among the people here (the Copts), is curled ; not like that of 
the Negroes, but like the Mulattoes.” 

It seems that the complexion of the Copts is liable to con- 
siderable variations. Though it must be true, as M. Volney 
asserts in the passage above cited, that the Copts are generally 
of a dusky and yellowish colour, like the Abyssinians: yet we 
are assured by M. Belzoni, that some of them are nearly as fair 
as Europeans. 

8. The complexion of the Hottentots is like that of the palest 
Negro, but still more dilute. Mr. Barrow observes, that it is 
of a yellowish brown, or of the hue of a faded leaf. The hair 
is of a very singular nature: it does not cover the whole sur- 
face of the scalp, but grows in small tufts at certain distances 
from each other, and when clipt short, has the appearance and 


* Burckhardt’s Travels, p. 312. 
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feel of a hard shoe-brash, except that it is curled and twisted 
into smali round lumps, about the size of a matrowfat pea. 
When suffered to grow, it hangs on the neck in hard twisted 
tassels hke fringe. 

“ The Hottentots are well-proportioned, erect, of a delicate 
and effeminate make; not muscular; their joints and extre- 
mities small; the face generally ugly, but different in different 
families ; some having the nose remarkably flat, others con- 
siderably raised. Their eyes are of a deep chesnut colour, long 
and narrow, distant from each other; the inner angle beirig 
rounded, as in the Chinese, to whom the Hottentot bears a 
striking resemblance. The cheek bones are high and promi- 
nent, and, with the narrow pointed chin, form nearly a triangle. 
Their teeth are very white. The women when young are grace- 
ful and well made; the nipple is unusually large, and the 
areola much elevated ; but immediately after the birth of the 
first child, the breast becomes flaccid and pendent, and in old 
age becomes greatly distended. The belly becomes protube- 
rant, and the posteriors are covered with a huge mass of pure 
fat. That elongation of the nymphe, which is well known to 
characterize the Hottentot women, has been falsely ascribed to 
art. It is a natural variety of conformation. 

Mr. Burchell states the following characters as peculiar to 
the Hottentots. Hands and feet little ; eyes so oblique, that 
lines drawn through the corners of each, would not coincide 
as being in the same plane, but would intersect as low down 
as the middle of the nose; end of nose wide and depressed ; 
nostrils squeezed out of shape; chin long and forward ; 
narrowness of the lower part of the face, a character of the 
race. 

9. All the physical characters of the Hottentots are recog- 
nized in the Bushman. In the latter people all the deformities 
of the race are seen in an exaggerated degree ; they are ex- 
tremely ugly and diminutive; the middle size of the men being 
four feet six inches, and that of the women four feet. 

Cuvier has given some valuable information on the ana- 
tomical peculiarities of this race, in his account of the dissec- 
tion of the Bosjes woman, well known under the nanie of the 
Hottentot Venus. In this individual, the skull and the bones 
of the face presented a striking combination of the traits of the 
Negro with those ef the Calmuck, the jaws projecting more 


Of the Papuas of New Guinea. 495 


than in the Negro, the face being wider than in the Calmuck, 
and the nose flatter than in either, and in this. respect ap- 
proximating more to the monkey. 

The characters of the AXthiopian variety are met with again 
in many of the inhabitants of the islands of the Indian and 
Pacific Oceans. In some instances, people of this description 
are the exclusive inhabitants; in others they are mixed with a 
totally different population ; in others they are wholly wanting. 
They are termed in the islands of the Indian Archipelago, by 
the other inhabitants, Pua-pua, or blacks, in allusion to their 
complexion ; and thence by Europeans they are denominated 
Papuas. The principal residence of the Papuas, strictly so 
called, is in the great islands of New Guinea and New Britain. 

The skin of a Papua, from Sir E. Home’s description of one 
brought home by Sir Stamford Raffles, is of a light colour, the 
woolly hair grows in small tufts, and each hair has a spiral 
twist. The forehead rises higher, and the hind head is not so 
much cut off. The nose projects more from the face; the 
upper lip is longer and more prominent; the lower lip projects 
forward from the lower jaw, to such an extent, that the chin 
forms no part of the face, the lower part of which is formed 
by the mouth. The buttocks are so much lower than in the 
Negro as to form a striking mark of distinction; but the calf 
of the leg is as high as in the Negro. 

Besides the Papuas, who are characterized by black com- 
plexions and woolly hair, there are tribes in many of the Indian 
islands, who are as black as the Papuas, or nearly so, but have 
instead of woolly, rough but lank hair. According to M. Les 
son, who has given the results of his own personal inquiries, 
these tribes formed the primitive population of the Indian Ar- 
chipelago. They appear to have been supplanted in some 
islands, at various periods, by more powerful races, who have 
either extirpated them, or have driven them from the coasts 
into the mountainous and desert parts in the interior. They 
are yet to be found in all the wildest and most inaccessible 
tracts of Polynesia, under which term M. Lesson comprehends 
all the lands bordering on or contained in the Malayan Archi- 
pelago, reserving the name of Oceania for the remote groups 
of islands in the Pacific. The central parts of most of the 
Moluccas are still oecupied by Haraforas or Alfcers, the Philip- 
pines by tribes of the same description, whom the Spaniards 
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term Los Indios; Mindanao by the Negros del Monte; the in- 
terior of Madagascar by Virzimbers, of all which countries 
these appear to be the original inhabitants; in the interior of 
New Guinea, tribes of a similar description are termed by the 
Papuas, Endaménes. The Endaménes seen by M. Lesson had a 
repulsive physiognomy, flat noses, cheek bones projecting, large 
eyes, prominent teeth, long and slender legs, very black and 
thick hair, rough and shining, without being long. Their 
beards were very hard and very thick. These savages, whose 
skin is of a very deep dirty brown or black colour, go naked. 
They make incisions upon their arms and breasts, and wear in 
their noses pieces of wood nearly six inches long. Their 
character is taciturn, their physiognomy fierce, their motion 
uncertain and slow. 

The Endaménes, confined in the interior of New Guinea, in 
the northern region of that country, still continue, according to 
M. Lesson, to be the sole possessors of the southern cvast; if 
they reach to the northern limits of Torres’ Straits, the suppo- 
sition, that in former times they may have passed over the 
channel, and spread themselves in the vast regions of Terra 
Australis, becomes very probable. M. Lesson refers the Aus- 
tralians to the class of Alfourous. 

The stature of the Australians is moderate, and often below 
the mean. The limbs among many tribes are slender, thin, and 
in appearance of disproportioned length ; while some individu- 
als, on the contrary, have them stout and well proportioned. 
Their hair is not woolly, it is hard, very black and thick; they 
wear it dishevelled, and in general short, in frizzled masses. 
Their beard is of the same nature with their hair; commonly 
rough, and tufted on the sides of their face. Their countenance 
is flattened, their nose very large, with nostrils placed almost 
transversely, thick lips, mouths of unproportioned width, teeth 
projecting, but of the finest enamel. Loose circular ears, very 
amply developed, and eyes half closed by the laxity of their 
upper eyelids, give to their physiognomy a savage and repul- 
sive aspect. The colour of their skin, generally of a smoky 
black, varies in its hue, which is never very deep. 

The shape of the head resembles that of the African Negro, 
but its harsher features are softened ; the alveolar edge of the 
upper jaw projects perhaps in the same degree, but the bones 
are not so heavy and massive. The head rises'to a greater 
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height at the coronal suture, and the chin does not recede as in 
the Negro. What is most remarkable in the skulls of New 
Hollanders, after their general but softened resemblance of the 
Negro cranium, is the projection of the superciliary ridges, 
which gives a scowling expression to the vacant orbit. The 
effect is produced by a_singular and deep depression at the 
junction of the nasal bones with the frontal. The same pecu- 
liarity is observable in the crania of many Oceanic tribes. It 1s 
equally a feature in the entire Australian head; of which two 
specimens are preserved in the Hunterian Museum. 

The inhabitants of Van Dieman’s Land, or the Tasmanians, 
are a woolly-haired race. They are thus described by Ander- 
son. “Theircolour is a dull black, not quite so deep as that 
of the African Negroes. Their hair is perfectly woolly. Their 
noses, though not flat, are broad and full. The lower part of 
the face projects a good deal, as is the case of most Indians I 
have seen, so that a line let fall from the forehead would cut off 
a much larger portion than it would in an European. Their 
eyes are of a middling size, with the white less clear than in us. 
Their teeth are broad, but not equal nor well set. Their 
mouths are rather wide; but this appearance seems heightened 
by wearing their beards long and clotted with paint, in the 
same manner as the hair on their heads. In other respects 
they are well-proportioned, though the belly seems rather pro- 
jecting. Their manners, he adds, resemble those of the New 
Hollanders in most particulars. They make huts of a similar 
kind, though their chief habitation is in hollow trees. They are 
without clothes, and cover their skins with dirt.” 

The Tasmanians are thus Papuas, while the New Hollanders 
are Alfourous. 


II. Of the meso-bregmaie or Caucastan variety. 


1. It is unnecessary to adduce authorities to prove the gene- 
ral resemblance that exists among the inhabitants of Europe. 
The points in which one nation differs from another, are the fol- 
lowing. Towards the north of Europe, a lighter complexion, 
with light hair, and high and large features, prevail; towards 
‘the south, a darker complexion, dark hair and eyes, and a more 
marked and expressive countenance. 

2, ‘Te Circassians who inhabit the heights of Mount Cauca- 
sus, and, the Georgians who dwell at its we admit of: being 
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similarly contrasted. _Both are the choicest specimens of the 
meso-bregmate variety; the former fair; the latter a dark com- 
plexioned race, -but superior to the former in symmetry and 
beauty. 

The Ossites on Mount Caucasus have a fine sanguine com- 
plexion. In external appearance, according to the description 
of Pallas, they exactly resemble the peasants in the north of 
Russia; they have in general, like them, either brown or light 
hair, occasionally also red beards. 

3. The Afghans occupy a great part of the Persian empire. 
They approximate on the one hand to the northern Persians and 
Europeans, on the other to the Hindoos. ‘“ The Afghan 
women,” says Mr. Elphinstone, “are described as large, com- 
pared to those of India, and very fair and handsome. The men 
are all of a robust make, and are generally lean, though bony 
and muscular. They have high noses, high cheek bones, and 
long faces. Their hair and beards are generally black, some- 
times brown, and rarely red; their hair is always coarse and 
strong. They shave the middle part of their head, but wear the 
rest of their hair. The tribes near towns wear it short, but the 
rest have long and large locks hanging down on each side of 
the head. They wear long and thick beards.” 

In the northern parts of Persia the complexion of the people 
is fair. A writer who had travelled in the countries between 
Caucasus and Persia, and who was acquainted with the people 
of this frontier, mentions a slender form and blue eyes as cha- 
racteristic of the female Persians. The Kinos are remarked to 
have a white complexion with animated features. 

4. Mr. Frazer thus describes the people of Muscat, on the 
eastern coast of Arabia, below the Persian Gulf, and more par- 
ticularly the natives of the celebrated Ormus. ‘ The Arabs in 
colour resemble Mulattoes, are of a sickly yellow hue, with a 
deeper brownish tinge about the eyes, neck, and joints: same 
are very dark. The genuine Arabs, with some exceptions, are 
rather spare and active than athletic men. Those of the supe- 
rier orders, who came under our observation, as the Shieks and 
their families, bore a strong characteristic resemblance to each 
other in features, The countenance was generally long and 
thin; the forehead moderately high, with a rounded protube- 
rance near its top; the nose prominent and aquiline ; the mouth 
and chin receding, giving te the line of profile a circular rather 
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than a straight character; the eye deep set under the brow, 
dark and bright; thin and spare, deficient in muscle, their 
limbs were small, particularly their hands, which were some- 
times even of feminine delicacy; their beards were almost 
always of a deep black, artificially coloured, if not naturally 
so: a few wore them grizzled; and we observed an old man, 
whose beard of a milk-white colour he had dyed yellow, which, 
contrasted with a singular pair of blue eyes, had a very ex- 
traordinary effect. 

“ Les princesses, et les autres dames Arabes,” says 
M. de la Roque, “ qu’on m’a montré par le coin d’une tente, 
m’ont paru fort belles et bien faites. On peut juger par cel- 
lesci, et par ce qu’on m’en a dit, que les autres ne le sont 
guéres moins: elles sont fort blanches, parce qu’elles sont tou- 
jours a couvert du soleil. Les femmes du commun sont ex- 
trémement halées, outre la couleur brune et basanée qu’elles 
ont naturellement ; je les ai trouvé fort laides dans toute leur 
figure, et je n’ai rien vd en elles que les agremens ordinaires, 
qui accompagnent une grande jeunesse.” 

The variety of complexion above described seems to be a 
natural deviation, and is not referable to any mixture of breeds. 
A brown or tawny yellow is the natural colour of the Arabs in 
some places.. But there are races of Bedouins and other tribes 
of a still darker complexion, and even black or nearly so. 

6. The form of the skull in the natives of Hindoostan and the 
Deccan presents no decided difference from the shape common 
among Europeans. The only character in the osteology of the 
Hindoo, which has drawn the attention of anatomists, is. the 
length of the limbs, which is said to be greater in proportion to 
the trunk than that of other nations. 

The people of the northern provinces of India are of lighter 
complexion than those of the south. Those of inferior caste 
are generally of darker complexion than the superior Hindoos. 
The people of Malabar are said to be darker than the natives 
of other provinces, and approach to, if not equal, the blackness 
of the natives of Guinea. The Mahrattas are of a yellow tint 
of complexion, and the natives of the mountainous tracts in the 
north are of very ight colour, and approach t» the complexion 
of Europeans. The Kattees, a race of high caste, are supposed 
to descend from a tribe on the banks of the Indus, The stataea 
of the Kattee, according to Lieutenant. M‘Maurdo, is larger thant 
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common, often exceeding six feet: he is sometimes seen with 
light hair, and blue-coloured eyes. His frame is athletic and 
bony. a 

The following extract from Dr. Prichard will serve to show, 
that a physical character like that of the Caucasian variety ap- 
pears again in the islands of the Southern Ocean. 

The people of New Zealand and the Sandwich Isles, those 
of the Tonga Isles, and again the inhabitants of the Society 
Isles, Otaheite, and the Marquesas, display a regular gradation 
from a very dark to a light complexion. The complexion of 
the New Zealanders varies from a pretty deep black to an olive 
colour, or yellowish tinge; and the Sandwich Islanders are 
often of a very dark brown colour. In the Tonga Islands the 
general complexion is of a cast deeper than the copper-brown, 
though some have a true olive complexion, and individuals, 
principally females, are much fairer. In Otaheite, and the ad- 
jacent isles of the same group, the most beautiful, and at the 
same time the most variable, tribe of the whole race is found. 
‘‘ There,” says Forster, ‘‘nature seems in the human species 
to follow that richness, luxuriance, and variety, which we have 
observed in the vegetable kingdom: she is not confined toa 
single type or model. The common people are of a dark colour, 
and degenerate towards the appearance of the natives of the 
New Hebrides; but the better sort have a complexion, which 
is less tawny than that of a Spaniard, and lighter than the 
fairest inhabitants of the East India Islands: in a word it is 
white, tinctured with a brownish yellow; however, not so 
strongly mixed, but that on the cheeks of the fairest of their 
women you may easily distinguish a spreading blush. From 
this complexion we find all the intermediate hues down to a 
brown, bordering the swarthy complexion of the race found in 
the New Hebrides. Their hair is commonly black and strong, 
flowing in beautiful ringlets. I saw but few with yellowish- 
brown or sandy hair. But in some instances the decided cha- 
racters of the true sanguine complexion display themselves 
even here.” Dr. Forster adds, that a single man in Otaha had 
perfectly red hair, a fairer complexion than the rest, and was 
sprinkled all over with freckles. Captain Wallis says, that 
“the hair was in some brown, in some red, and in others 
flaxen : but that in the children of both sexes it is generally 
flaxen.” These marks of the fair, or sanguine complexion, 
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which in Otaheite are occasionally seen, appear to be almost 
general in the Marquesas, the inhabitants of which were 
thought by Captain Cook to be the finest race of people in the 
South Sea. ‘‘The women and children,” he says, ‘in general 
terms, are as fair as some Europeans. Their hair, hike ours, is 
of many colours, except red, of which I saw none.” In the 
accounts, however, of Mendana’s voyage, who discovered these 
islands, it is expressly said, that many of the people had red 
hair. It is observed, that the general colour among them was 
almost white, and that they had in person greatly the advantage 
of the Spaniards. 

The texture of the hair is in general like that of the Javanese, 
but in some instances it varies. In some of the New Zealanders 
it is curling; the Tonga and Sandwich Islanders have occa- 
sionally bushy and frizzled hair. 

The features of the Otaheitans are more soft and delicate, 
but appear to have a general resemblance to those of the 
islanders near the Indian continent. The face of these people 
is said to be handsome, but their noses somewhat flat. In the 
Tonga Isles, there are hundreds of truly European faces with 
aquiline noses. The most general trait in the whole race isa 
fulness of the nostrils, which reminds us of the bottle noses of 
the New Guinea Negroes. 


Ill. Of the platy-bregmate or Mongolian variety. 


1. Dr.Clarke has described in very strong terms the physical 
characters of the Kalmucks. ‘‘ We saw a horde of these people, 
who were all quite naked, with their skins perfectly black. Their 
hair is coarse and black, their language guttural and harsh. 
Nothing is more hideous than a Kalmuck. High, prominent, 
and broad cheek bones; very little eyes, widely separated from 
each other; a flat and broad nose; coarse, greasy, jet-black 
hair, scarcely any eyebrows, and enormous prominent ears, 
compose no very inviting portrait.” 

‘If we abstract the circumstance of colour,” says Pallas, 
‘ta Mongole bears less resemblance to other races of men than a 
Negro bears to an European. The particular conformation of 
the race is most remarkable in the shape of the skull prevalent 
among the Kalmucks; but the Mongoles proper and the Bou- 
riaks bear to the tribe last mentioned so great a resetnblance, 
as well in their physical as in their moral and social characte. 
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ristics, that what can be predicated of one people is applicable 
to the rest.” 

‘The Kalmucks are generally of middle stature : few are tall, 
and many are below the standard; the women especially are 
small. Thiey are all well made, and I do not remember to have 
seen one deformed person among them. The only fault in 
shape, which is frequent among them, consists in an outward 
bending of their arms and legs, resulting from the practice of 
causing children to rest always in their cradles on a kind of 
saddle, and from the habit of ridmg on horseback almost as 
early as they are able to walk. The Kalmucks have generally 
short necks ; their limbs are thin and lean: even the principal 
and more opulent men among them are seldom corpulent, in 
which they differ from many of the Kirgese and other Tartar 
nomades. 

“The characteristic features of the Kalmucks are, eyes placed 
obliquely, the large angle of which descending towards the nose 
is slightly open and fleshy ; eyebrows black, thin, and forming 
a low arch ; a peculiar formation of the nose, which is gene- 
rally flattened and squatted towards the forehead ; cheek bones 
prominent; head and countenance very round. The ball of the 
eye is likewise very brown; the lips large and fleshy; the chin 
short ; the teeth very white: they continue fine and sound even 
in old age. Their ears are of an enormous size, and loose from 
the head. 

‘From the relations of many travellers, we should be in- 
duced to believe that a// the Kalmucks have ugly and hideous 
figures. On the contrary, we see as well among the men as 
among the women many round and beautiful countenances: 
we even see women, who have such regular and beautiful fea- 
tures that they would find a great aumber of admirers among 

Europeans.” 

The Kalmucks have the finest sense of smelling, the most 
perfect hearing, and an extraordinarily piercing sight. 

2. Mr. Frazer thus describes the Tuckehs, one of the Turko- 
man races in the desert northward of the Elbergh range of 
mountains and the Steppe of Khaurezm. 

‘‘The Tuckehs have a great deal of the Mongolian phy- 
siognomy: many of the men were tall, stout, and well made; 
with scanty beards, eyes small, and drawn up at the corners ; 
high cheek bones, and small flat noses. Some on the contrary 
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had handsome features, more resembling those of Europeans 
than Asiatics.” 

3. The persons of the Tungusians are thus described by 
Gmelin: “Les Tongouses ont le visage conformé 4 peu prés 
comme les Kalmouckes; cependant ils l’ont un peu moins large; 
il m’a semblé qu’en général leur taille était peu élevée, Leurs 
cheveux sont noirs, et la plupart les portent tressés comme les 
Chinois.” 

4. Pallas thus describes the Northern Chinese. ‘Ils sont 
trés bien formés dans leur jeunesse; on en voit beaucoup qui 
ont des figures trés agréable, un beau teint, de petits yeux 
noirs qui forment l’angle, et des cheveux du plus beau noir. 
Cependant ils préférent ceux qui ont une figure mandshoure, 
c’est-d-dire, le visage large, de hautes mfchoires, un nez trés 
large et d’énormes oreilles, Cette derniére conformation est 
propre aux Chinois, et presque générale parmi eux. Ils ont la 
barbe noire, et clair sémee; les gens agés sont les seuls qui la 
laissent croitre.” 

Mr. Barrow informs us, that the Chinese are somewhat taller 
and more slender than the Mantschoo Tartars. He adds, that 
‘the small eye, elliptical at the end next the nose, 13 a predo- 
minant feature in both the Mantschoo and Chinese counte- 
nance, and they have both the same high cheek bones and 
pointed chins.” 

‘We saw,” observes Mr. Barrow, ‘‘ women in China, 
though very few, that might pass for beauties even in Europe. 
The Malay features prevail in most: a small black or dark- 
brown eye; a short rounded nose, generally a little flattened : 
lips considerably thicker than in Europeans, and black heir. is 
universal, 

5. Mr. Turner has described the physical character of the 
Bhoteans, and his description may probably be regarded as 
referring to the Tibetans in general. 

“ The Bhoteans have invariably black hair, which it is the 
fashion to cut close to the head. The eye is a very remarkable 
feature of the face; small, black, with long pointed corners, as 
though stretched and extended by artificial means. Their eye- 
lashes are so thin as to be scarcely perceptible, and the eyebrow 
is but slightly shaded. Below the eyes is the broadest part of 
the face, which is rather flat, and narrows from the cheek bone 
to the chin; a character of countenance first appearing to take 
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its rise among the Tartar tribes, but which is far more strongly 
marked in the Chinese, Their skins are remarkably smooth, 
and most of them arrive at a very advanced age before they 
can boast even the rudiments of a beard.” He adds, “ many 
of these mountaineers are more than six feet high. Taken 
altogether, they have a complexion not so dark by several 
shades as that of the European Portuguese.” In describing 
the people of the mountainous districts to the northward of 
Bhotan, he observes, ‘‘ I never beheld a more florid picture of 
health than was exhibited in the complexion of the moun- 
taineers we met to-day; the women in particular, with their 
jet black hair, and clear, brisk, black eyes, had a ruddiness, 
which the most florid English rustic would in vain attempt to 
rival.” 

6. The physical character of the Japanese bears a strong 
resemblance to that of the Chinese: ‘“‘ they are well made (ac- 
cording to the description of Thunberg), active, free and easy 
in their motions, with stout limbs, although their strength is 
not to be compared with that of the northern inhabitants of 
Europe. The men are of the middling size, and in general not 
very corpulent ; yet I have seen some that were fat. They are 
of a yellowish colour all over, sometimes bordering on brown, 
and sometimes on white. The lower class of people, who in 
summer, when at work, lay bare the upper part of their bodies, 
are sunburnt, and consequently brown. Ladies of distinction, 
who seldom go out into the open air without being covered, are 
perfectly white. It is by their eyes, that, like the Chinese, 
these people are distinguishable. These organs have not that 
rotundity which those of other nations exhibit, but are oblong, 
small, and are much deeper in the head, in consequence of 
which these people have almost the appearance of being pink- 
eyed. Their eyes are dark brown, or rather black, and the 
eyelids form in the great angle of the eye a deep furrow, which 
makes the Japanese look as if they were sharper sighted, and 
discriminates them from other nations. The eyebrows are also 
placed somewhat higher. Their heads are in general large, and 
their necks short; their hair black, thick, and shining, from the 
use they make of oils. Their noses, although not flat, are yet 
rather thick and short.” 

7. The inhabitants of Transgangetic India, and of the penin- 
sula of Malacca, exhibit a marked physical affinity to the 
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Chinese. The same character again is strikingly observable in 
the inhabitants of many of the Indian islands. ‘‘ The forehead 
of the Javanese,” says Sir T.-S. Raffles, “is high, the eye 
brows well marked and distant from the eyes, which are some- 
what Chinese or rather Tartar in the formation of the inner 
angle. The colour of the eye is dark ; the nose small, and some- 
what flat. The beard very scanty; the hair of the head gene- 
rally lank and black.” 

Let us now pass to the American continent. 

The inhabitants of America are in stature generally superior 
to the nations of Europe, Asia, and Africa, though to this re- 
mark there exist some notable exceptions. Their bodies are 
remarkably smooth, and devoid of pilar hair; while that of 
their heads is generally lank, though in some few instances 
curled, but in none crisp or woolly. Their colour, though not 
uniform, some being white with a florid complexion, and even 
with red or yellow hair, while others are nearly black, is yet 
subject to fewer varieties than we might expect from the diver- 
sity of the climates they inhabit, and a coppery hue prevails 
more extensively among them than in any other department of 
the human species. 

“« The Indians of New Spain,” observes Humboldt, ‘‘ beara 
general resemblance to those who inhabit Canada, Florida, 
Peru, and Brazil. They have the same swarthy and copper 
colour, straight and smooth hair, small beard, squat body, long 
eye, with the corner directed upwards towards the temples, 
expressions of gentleness in the mouth strongly contrasted with 
a gloomy and severe look.” ‘“‘ Over a million and a half of 
square leagues, from Terra del Fuego to the river St. Lawrence 
and Behring’s Straits, we are struck at the first glance with the 
general resomblance in the features of the inhabitants. We 
think that we perceive them all to be descended from the same 
stock, notwithstanding the prodigious diversity of languages 
which separates them from one another.” “In the faithful 
portrait which an excellent observer, M. Volney, has drawn of 
the Canada Indians, we undoubtedly recognize the tribes scat~ 
tered in the Savannahs of the Rio Apurc and the Corones. The 
same style of features exists in both Americas.” The nations 
of South America have in general flatter faces, and many of 
them a shorter and broader shape of body than the Nerth 
Americans. 
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It has been remarked by several writers, that the cheek bones 
of the Americans are almost as prominent as those of the Mon- 
goles. In other respects the physical characters of these. races 
are said to resemble each other. ‘The analogy between them,” 
says Humboldt, “is particularly evident in the colour of the 
skin and hair, in the want of beard, the shape of the cheek 
bones, and the direction of the eyes. We cannot refuse,” -he 
adds, ‘‘to admit, that the human species does not contain 
races resembling one another more nearly than the Americans, 
the Mongoles, the Mantchoos, and the Malays.” 

The opinion of Humboldt has been confirmed by that of 
Von Spix and Von Martius. These writers have made the 
following remarks upon the resemblance between the native 
Americans and the Chinese colonists settled in the Brazils. 
« The physiognomy of the Chinese was particularly interesting 
to us, and was in the sequel still more so, because we thought 
we could perceive in them the fundamental lines which are 
remarked in the Indians. The figure of the Chinese is, indeed, 
rather more slender, the forehead broader, the lips thinner and 
more alike, and the features in general more delicate and mild, 
than those of the American who lives in woods; yet the small 
not oblong but roundish angular rather pointed head, the broad 
crown, the prominent sinus frontales, the low forehead, the 
pointed and projecting cheek bones, the oblique position of the 
small narrow eyes, the blunt, proprotionately small, broad flat 
nose, the thinness of the hair on the chin and the other parts 
of the body, the long smooth black hair of the head, the yel- 
lowish or bright reddish tint of the skin,—are all characte- 
ristics common to the physiognomy of both races. The mis- 
trustful cunning, and as it is said often thievish character, and 
the expression of a mean way of thinking, and mechanical dis- 
position, appear in both in the same manner. In comparing 
the Mongole physiognomy with the American, the observer has 
opportunity enough to find traces of the series of developments, 
through which the Eastern Asiatic had to pass under the in- 
fluence of the climate, in order at length to be transformed into 
an Americat.” 

Among the existing American races, two varieties occur in 
the figure of the head. The more prevalent one is flattening 
and depression of the forehead. The rarer is an acaminated 
elevation of the vertex, which is narrowed so as to give the 
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face a triangular outline, the apex upwards. The latter is met 
among the Esquimaux, as the excess of deviation to which that 
race is disposed torun. The former occurs in different points: 
it is observed among the Caribs, and among the natives of 
the district adjoining Nootka Sound. A remarkable practice 
goes with it: the tribe endeavours artificially to increase its 
characteristic peculiarity, and the heads of their infants are 
compressed by an elaborate process. It is probable that the effect 
so obtained is inconsiderable. But it is curious to remark the 
universal prevalence of a disposition to exaggerate national 
contour. The Mongole and American, with a rare and late 
growth of beard, remove the httle they possess; while among 
Caucasian nations, the beard, naturally copious, is or has been 
nourished as an emblem of rank, of wisdom, of sanctity. The 
beauty of the Greek ideal, is the heightened representation 
of a national form, and might not interest a Scythian eye. 

The Esquimaux are e race separated into a great number of 
hordes, and occupying the shores of the Polar Sea, from Asia, 
where they exist northwards of Kamschatka, to Greenland in 
the west. By some, they have been classed with the Samoiedes 
as a separate branch of the human family, under the name of the 
Hyperborean race, Short in stature, of a dirty pale or yellowish 
brown complexion, with lank black hair, their heads, which 
have the general character of the Mongolian race, run out in 
many instances into a peculiar form at the vertex. The face, 
instead of being of a somewhat flattened oval form, as in most 
Europeans, is of a lozenge shape, rising like one of the faces of 
a pyramid almost to a point, with a ridge running backward 
from the summit of the frontal bone over the vertex, and towards 
the occiput. 

Many skulls have been found in ancient tombs in various 
parts of the United States, which resemble the Esquimaux 
more than the present, or rather the late inhabitants of the 
country. 

The most remarkable addition that has of late years been 
made to our knowledge of the various forms which the human 
race has been cast in, has been the discovery, in Peruvian bury- 
ing places, of skulls which combine in an extraordinary degree 
the platy-bregmate and steno-bregmate features,—the fat 
head, which is a characteristic American variety, with the 
narrowness of the cranium, which belongs to the Ethiopian. 
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The flatness, however, goes to the extent of almost suppressing 
the forehead, which retreats nearly horizontally from the super- 
ciliary ridges. Several specimens of these crania may be seen 
in the Museum of the Royal College of Surgeons in London. 

Mr. Pentland obtained these skulls in ]827, in the province 
of Upper Peru, now called Bolivia. He supposed them to 
belong to an extinct race of men. ‘I found them,” says 
Mr. Pentland in his communication to M. Tiedemann, “ in the 
ancient graves called Huescas, in the great Alpine valley of 
Titicaca, which is likewise remarkable for being the country in 
which civilization, planted by the Peruvians, flourished toa de- 
eree unrivalled among the other tribes of the New World. These 
sepulchres have the form of high round towers, and in some places 
are constructed of enormous masses of masonry. The stones are 
very carefully and skillfully arranged, in a manner similar to 
that observed in the old structures of Greece and Rome, named 
by our antiquarians, Cyclopean. I have met with them only in 
the valley of Titicaca, which extends from the seventeenth to 
the nineteenth degree of latitude south, and on the skirts of 
the Andes, which form that valley. They occur in the greatest 
abundance in the provinces of La Paz, Oruro, Pacages, and 
Carangas. I examined several hundreds of these sepulchres, 
and in all of them found human skeletons, and in all the skull 
had the same singular shape. The skeletons are in a state of 
excellent preservation, a circumstance attributable to the great 
dryness of the climate, the country being situated about two 
thousand toises above the level of the sea. The skeletons be- 
longed to persons of all ages, from the youngest child to the 
oldest man. All the heads, young and old, had the same 
form.” 
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CHAPTER III, 


THE appearance of transverse cross shadows in muscular fibres, 
the discovery of which I have attributed to Dr. Hodgkin and 
Mr. Lister, was known to Fontana, who figures it with perfect 
accuracy. 

It seems that Prochaska first observed these lines, and sup- 
posed them to be “impressions supertficielles que font les vais- 
seaux, les cylindres cellulaires, et peut-Ctre aussi les nerfs.” 

Fontana, pursuing the subject, saw the lines exactly as they 
are described by Dr. Hodgkin, and as I have seen them in 
Mr. Lister’s microscope. They are faithfully represented in 
plate vi, fig. 6, appended to his “ Traité sur le Vénin de la 
Vipere, &c.” 

Fontana went further, and analyzed the packets of muscular 
tissue which have the appearance adverted to, till he came to 
the primitive fibre, where it is still discernible. 

«En décomposant peu a peu le muscle avec des aiguilles ou 
des pointes trés aigues, ou parvient enfin a le resoudre en fils 
trés fins, qui ne sont plus divieibles en d’autres moindres, 
quelque soin qu’on y porte. J’appellerai ces filamens ji/s 
charnus primitifs. Quelques centaines de ces fils unis ensemble 
forment un faisceau simple, que j’appellerai faisceau charnu 
primitif. Le muscle résulte enfin de l’assemblage d’un grand 
nombre de ces faisceaux. Le figure vii [planche v1] représente 
un faisceau charnu primitif.—Les fils charnus primitifs sont 
des cylindres solides, egaux entre eux, et marqués visiblement 
A distances égales, de petits signes, comme d’autant de petits 
diaphragmes, ou rides.”—Op. cttat. vol. ii, p. 228. 


CHAPTER IV. 


SECTION Ill. 


Tue experiments of Dr. Addison and Mr. Morgan may be 
viewed as throwing a valuable light upon the subject of ab- 
sorption of poisons. 
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The reader will find, on referfing to page 80 of this volume, 
a body of evidence to prove that the stronger vegetable poisons, 
applied to a natural surface, or introduced into a wound, do 
not affect the system through the nerves or the absorbents of 
the part. The conclusions drawn from these researches were, 
that the poisons enter the circulation through the coats of the 
blood-vessels, and produce their effect by being carried to the 
brain mixed with the blood. Of the correctness of the first of 
these conclusions there can be no doubt: the latter, our authors 
had gone some way to show to be without foundation. They 
imagined and performed the ingenious experiment of partially 
alternating the cerebral circulations of two animals, one of 
which was poisoned ;—contriving that some of the blood of 
an animal poisoned with strychnine should be propelled by its 
own heart into the carotid of another. The first died, while 
the second was unaffected by the poison. The following are 
the words, in which Dr. Addison and Mr. Morgan describe 
the experiment. 

‘Two large half-bred bull dogs, each weighing about forty 
pounds, were the animals selected for the operation. The ca- 
rotid artery of each dog having been laid bare on one side, and 
separated from its connections with surrounding parts to the 
extent of three inches, temporary ligatures were applied above 
and below, and the arteries were divided between them, as in 
a former case; appropriate brass tubes were then attached to 
the extremities of the vessels, and the necks of the two animals 
being held and closely bound together, the divided arteries 
were, without the least difficulty, re-connected, and the circu- 
lation reversed. 

‘One of the dogs was then inoculated on the back with a 
concentrated preparation of strychnine, which had been found 
upon other occasions to produce death in these animals in 
about three minutes and a half. 

‘In three minutes and a half the inoculated animal exhi- 
bited the usual tetanic symptoms which result from the action 
of this poison, and died in a little less than four minutes after- 
wards, viz. about seven minutes from the time at which the 
poison was inserted, during the whole of which time a free and 
mutual interchange of blood between the two was clearly indi- 
cated by the strong pulsation of the denuded vessels through- 
out their whole course. 
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“The arteries were next secured by ligature, and the living 
was separated from the dead animal; but neither during the 
operation, nor at any subsequent period, did the survivor show 
the slightest symptom of the action of the poison upon the 
system. 

“ From these, then,” they proceed to say, “and from many 
other similar experiments which it would be needless to 
instance, we have been led to the conclusion, that all poisons, 
and perhaps indeed all agents, influence the brain and general 
system, through an impression made upon the sentient extre- 
mities of the nerves, and not by absorption and direct applica- 
tion to the brain.” 

Their conclusions are open to the following criticism. 

In the first place, it is possible that the dog into which the 
poison was not directly introduced did not die, because the 
quantity which reached its brain from one carotid of the other 
dog, was not enough. 

In the second place, the other dog may have died through 
the direct operation of the larger quantity of poisoned blood on 
its brain, which three arteries (the remaining carotid and two 
vertebrals) carried thither. 

Two experiments (the practicability of which is shown by the 
recently published experiments of Sir Astley Cooper on ligature 
of the cerebral arteries) are still wanting. One, in which the 
brain of an unpoisoned dog should be entzrely (or nearly so) 
supplied with blood from the circulation of poisoned dogs; and 
the other, in which the brain of a poisoned dog should 
(the conditions being reversed) be wholly supplied from un- 
poisoned animals. Till these experiments are tried, it would be 
presumptuous to say what would be their results. It is possible 
(contrary to Dr. Addison’s and Mr. Morgan’s opinions) that 
the animal indirectly poisoned would die, and that the animal 
directly poisoned would live. 

But supposing the opposite results to ensue, and the animal 
directly poisoned to die, and the other to recover, a doubt 
would still remain as to how the poison had operated on the 
first. If the circulation through the brain could be proved by 
such experiments not to be the channel of poisoning, would it 
not still be making a step beyond what inductive logic au- 
thorises to conclude, that the mortal impression is made upon 


512 APPENDIX. 


the extremities of nerves? It.seems to me possible, that the 
nerves may have no exclusive concern in the matter; and that 
the poison, after all, may act by unvitalizing the whole organi- 
zation, its influence being- diffused generally. It is possible 
that experiments on plants may clear this doubt. 


CHAPTER V. 
SECTION IIt. 


In this and the preceding section it is laboriously proved, that 
the production of chyme is effected by the chemical agency of 
the gastric juice; which, on the authority of Spallanzani, is 
stated to be a solvent when warm, an antiseptic when cold; 
and, on the authority of Dr. Prout, to be uniformly acidulous, 
the acid being principally the muriatic. These conclusions 
have been confirmed by the capital observations of Dr. Beau- 
mont, in a case which opportunely fell under the observation of 
one of so much judgment, and of so philosophical a mind. 
The particulars are so interesting, and throw so much additional 
light upon the subject, that the reader will not object, I am 
persuaded, to a detailed account of this instance. 

Dr. Beaumont, while stationed at Michillimachinac, in the 
Michigan territory, in 1822, in the military service of the United 
States, was called upon to take charge of Alexis St. Martin, a 
young Canadian of eighteen years of age, good constitution, 
and robust health, who had been accidentally wounded by the 
discharge of a musket on the 6th of June, 1822. 

The charge, consisting of duck-shot, was received in the left 
side, at the distance of one yard from the muzzle of the gun. 
The contents entered posteriorly, and in an oblique direction, 
forward and inward; literally blowing off integuments and 
muscles to the size of a man’s hand, fracturing and carrying 
away the anterior half of the sixth rib, fracturing the fifth, lace- 
rating the lower portion of the left lobe of the lungs, the dia- 
phragm, and perforating the stomach. 

On the fifth day, sloughing took place; lacerated portions of 
the lung and stomach separated, and left a perforation into the 
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latter large enough to admit the whole length of the middle 
finger into its cavity, and also a passage into the chest half as 
large as his fist. Violent fever and further sloughing ensued ; 
and for seventeen days every thing swallowed passed out through 
the wound, and the patient was kept alive chiefly by nourish- 
ing injections. By and by the fever subsided, the wound im- 
proved in appearance; and after the fourth week the appetite 
became good, digestion regular, and the health of the system 
complete. The orifice, however, never closed; and at every 
dressing the contents of the stomach flowed out, and its coats 
frequently became everted, or protruded so far as to equal in 
size a hen’s egg; but they were always easily returned. 

St. Martin, during the ensuing year, suffered extremely with 
exfoliations of the injured ribs; but at the expiration of that 
time he had recovered, and the wound was healed all but the 
perforation of the stomach, which was now two inches and a 
half in circumference. For some months the food could be re- 
tained only by constantly wearing a compress and bandage ; 
then a small fold or doubling of the villous coat began to ap- 
pear, which gradually increased till it filled the aperture and 
acted as a valve, so as completely to prevent any efflux from 
within, while it admitted of being easily pushed back by the 
finger from without. In 1833, which is the date of Dr. Beau- 
mont’s work, the orifice of the wound remained in the same 
state as in 1824. Dr. Beaumont’s observations were begun in 
May 1825, and continued for four or five months; were re- 
sumed in August 1829, and continued till March 1831; and 
from November 1832 to March 1833. 

Dr. Beaumont describes the aperture in St. Martin’s stomach 
as situated about three inches to the left of the cardia. When 
the stomach was nearly empty, he was able to examine its 
cavity to the depth of five or six inches by artificial distension. 
When it was entirely empty, the stomach was always con- 
tracted on itself, and the valve generally forced out of the 
orifice, together with a portion of the mucous membrane equal 
in bulk to a hen’s egg. After sleeping for a few hours on the 
left side, the protruded portion became so much larger as to 
spread over the neighbouring integuments five or six inches in 
circumference, fairly exhibiting the natural ruge, villous mem- 
brane, and mucous coat lining the gastric cavity. This appear- 
ance is almost invariably exhibited in the morning before rising 
from bed. | 
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Dr. Beaumont found it easy to obtain the gastric juice. The 
introduction of any foreign substance, as the tube of a thermo- 
meter, into the empty stomach, caused it to flow immediately. 
It was found to be transparent, inodorous, saltish, and acidu- 
lous to the taste: it consisted of water, containing free muriatic 
and acetic acids, phosphates, and muriates, with bases of po- 
tassa, soda, magnesia, and lime; and an animal matter, soluble 
in cold water, but insoluble in hot. The following experiment 
satisfactorily shows the seat and nature of the appetite of hunger. 

‘‘ To ascertain whcther the sense of hunger would be allayed 
without the food being passed through the cesophagus, he fasted 
from breakfast time till 4 o’clock, p.m., and became quite 
hungry. I then put in at the aperture three and a half drachms 
of lean, boiled beef. The sense of hunger immediately subsided, 
and stopped the borborygmus, or croaking noise, caused by the 
motion of air in the stomach and intestines, peculiar to him 
since the wound, and almost always observed when the stomach 
Is empty.” 


Of the Appearance of the Villous Coat of the Stomach. 


‘‘ The inner coat of the stomach, in its natural and healthy 
state, is of a light, or pale pink colour, varying in its hues, 
according to its full or empty state. Itis of a soft, or velvet- 
like appearance, and is constantly covered with a very thin, 
transparent, viscid mucus, lining the whole interior of the 
organ. 

‘‘ Immediately beneath the mucous coat, and apparently in- 
corporated with the villous membrane, appear small, sphe- 
roidal, or oval-shaped glandular bodies, from which the mucous 
fluid appears to be secreted. 

‘« By applying aliment, or other irritants, to the internal coat 
of the stomach, and observing the effect through a magnifying 
glass, innumerable minute lucid points, and very fine nervous 
or vascular papille, can be seen arising from the villous mem- 
brane, and protruding through the mucous coat, from which 
distils a pure, limpid, colourless, slightly viscid fluid. This 
Jiuid, thus excited, is invariably distinctly acid. The mucus of 
the stomach is less fluid, more viscid or albuminous, semi- 
opaque, sometimes a little saltish, and does not possess the 
slightest character of acidity. On applying the tongue to the 
mucous coat of the stomach, in its empty, unirritated state, no 
acid taste can be perceived.| When food or other irritants have 
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been applied to the villous membrane, and the gastric papille 
excited, the acid taste is immediately perceptible. These pa- 
pillm, I am convinced, from observation, form a part of what is 

“walled by authors the villi of the stomach. Other vessels, per- 
haps absorbing as well as secretory, compose the remainder. 
That some portion of the villi form the excretory ducts of the 
vessels, or glands, I have not the least doubt, from innumerable 
ocular examinations of the process of secretion of gastric juice. 
The invariable effect of applying aliment to the internal but 
exposed part of the gastric membrane, when in a healthy con- 
dition, has been the exudation of the solvent fluid from the 
above-mentioned papillae. Though the apertures of these ves- 
sels could not be seen, even with the assistance of the best 
microscopes that could be obtained, yet the points from which 
the fluid issued were clearly indicated by the gradual appear- 
ance of innumerable very fine, lucid specks, rising through the 
transparent mucous coat, and seeming to burst, and discharge 
themselves upon the very points of the papille, diffusing a 
limpid, thin fluid over the whole interior gastric surface. This 
appearance is conspicuous only during alimentation, or chymi- 
fication. These lucid points, I have no doubt, are the termi- 
nation of the excretory ducts of the gastric vessels or glands, 
though the closest and most accurate observation may never be 
able to discern their distinct apertures. 

‘¢ The fluid, so discharged, is absorbed by the aliment in 
contact, or collects in small drops, and trickles down the sides 
of the stomach, to the more depending parts, and there mingles 
with the food, or whatever else may be contained in the gastric 
cavity. This fluid, the efficient cause of digestion — the true 
gastric juice of Spallanzani, I have no doubt — has generally 
been obtained, for experiment, by mechanical irritation of the 
internal coat of the stomach, produced by the introduction of 
a gum-elastic tube, through which it has been procured. | 

*“‘ The gastric juice never appears to be accumulated in the 
cavity of the stomach while fasting; and is seldom, if ever, 
discharged from its proper secerning vessels, except when ex- 
cited by the natural stimulus of aliment, mechanical irritation 
of tubes, or other excitants. When aliment is received, the 
juice is given out in exact proportion to its requirements for 
solution, except when more food has been taken than is neces- 
sary for the wants of the system. 

2u2 
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‘When mechanical irritation by a non-digestible substance, 
as the elastic tube, stem of the thermometer, &c. has been 
used, the secretion is probably less than when the irritation has 
been produced by such substances as are readily dissolved ir 
the gastric juice. Alimentary stimulus, when taken into the 
stomach, is diffused over the whole villous surface, and excites 
the gastric vessels, generally, to excrete their fluids copiously ; 
whereas the irritation of tubes, &c. is local, and produces only 
a partial excitement of the vessels, and a scanty flow of the 
gastric juice. Hence the slowness in obtaining the clear fluid 
from the empty stomach through the tube. I have never, on 
numerous trials, been able to obtain, at any one time, more 
than one and a half or two ounces of this fluid, after the 
stomach had disposed of its alimentary matters, however long 
the period of abstinence had heen. The discharge of this small 
quantity has generally been excited by the introduction of the 
tube. Ten, fifteen, or more minutes, were necessary to collect 
even this small quantity. Whenever fluid was obtained in larger 
quantity, as was sometimes the case, it invariably contained 
more than the usual quantity of mucus. 

‘* On viewing the interior of the stomach, the peculiar forma- 
tion of the inner coats are distinctly exhibited. When empty, 
the ruge appear irregularly folded upon each other, almost in 
a quiescent state, of a pale pink colour, with the surface merely 
lubricated with mucus. On the application of aliment, the 
action of the vessels is increased, the colour brightened, and 
the vermicular motions excited. The small gastric papille 
begin to discharge a clear transparent fluid (the alimentary 
solvent), which continues abundantly to accumulate as aliment 
is received for digestion. 

‘“‘ If the mucous covering of the villous cvuat be wiped off 
with asponge or handkerchief during the period of chymifica- 
tion, the membrane appears roughish, of a deep pink colour at 
first; but in a few seconds the follicles and fine papille begin 
to pour out their respective fluids, which, being diffused over 
the parts-abraded of mucus, restore to them their peculiar soft 
and velvet-like coat, and pale pink colour, corresponding with 
the undisturbed portions of the membrane; and the gastric 
juice goes on accumulating, and trickles down the sides of the 
stomach again. 

“If the membrane be wiped off when the stomach is empty, 
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or during the period of fasting, a similar roughness and deepened 
colour appear, though in a less degree; and the mucous exu- 
dation is more slowly restored. The follicles appear to swell 
Wore gradually. The fluids do not accumulate in quantity 
sufficient to trickle down, as during the time of chymification. 
The mucous coat only appears to be restored. ~ 

‘‘ The foregoing, I believe to be the natural appearances of 
the internal coat of the stomach in a healthy condition of the 
system. 

‘‘ In disease, or partial derangement of the healthy function, 
this membrane presents various and essentially different ap- 
pearances. 

‘¢ In febrile diathesis, or predisposition, from whatever cause 
—obstructed perspiration, undue excitement by stimulating 
liquors, overloading the stomach with food — fear, anger, or 
whatever depresses or disturbs the nervous system — the villous 
coat becomes sometimes red and dry, at other times pale and 
moist, and loses its smooth and healthy appearance; the secre- 
tions become vitiated, greatly diminished, or entirely sup- 
pressed ; the mucous coat scarcely perceptible; the follicles flat 
and flaccid, with secretions insufficient to protect the vascular 
and nervous papillee from irritation. 

‘‘ There are sometimes found, on the internal coat of the 
stomach, eruptions or deep red pimples: not numerous, but 
distributed here and there upon the villous membrane, rising 
above the surface of the mucous coat. These are at first sharp- 
pointed and red, but frequently become filled with white puru- 
lent matter. At other times, irregular, circumscribed, red 
patches, varying in size or extent, from half an inch to an inch 
and a half in circumference, are found on the internal coat. 
These appear to be the effect of congestion in the minute blood 
vessels of the stomach. There are also seen, at times, small 
aphthous crusts in connection with these red patches. Abra- 
sions of the lining membrane, hke the rolling up of the mucous 
coat into small shreds or strings, leaving the papille bare, for 
an indefinite space, is not an uncommon appearance. 

‘‘ These diseased appearances, when very slight, do not al- 
ways affect, essentially, the gastric apparatus. When consi- 
derable, and particularly when there are corresponding symp- 
toms of disease, as dryness of the mouth, thirst, accelerated 
pulse, &c. no gastric juice can be extracted, not even on the 
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application of alimentary stimulus. Drinks received are im- 
mediately absorbed, or otherwise disposed of: none remaining 
in the stomach ten minutes after being swallowed. Food, 


taken in this condition of the stomach, remains undigested for 


twenty-four or forty-eight hours, or more, increasing the de- 
rangement of the whole alimentary canal, and aggravating the 
general symptoms of disease. 

“« After excessive eating or drinking, chymification is re- 
tarded; and although the appetite be not always impaired at 
first, the fluids become acrid and sharp, excoriating the edges 
of the aperture; and almost invariably produce aphthous 
patches, and the other indications of a diseased state of the 
internal membrane mentioned above. Vitiated bile is also 
found in the stomach under these circumstances; and flocculli 
of mucus are much more abundant than in health. 

‘‘ Whenever this morbid condition of the stomach occurs, 
with the usual accompanying symptoms of disease, there is ge- 
nerally a corresponding appearance of the tongue. When a 
healthy state of the stomach is restored, the tongue invariably 
becomes clear.” 


Motions of the Stomach. 


‘‘ The ordinary course and direction of the revolutions of the 
food are, first, after passing the esophageal ring, from right to 
Jeft, along the small arch ; thence, through the large curvature, 
from left to nght. The bolus, as it enters the cardia, turns to 
the left; passes the aperture; descends into the splenic extre- 
mity ; and follows the great curvature towards the pyloric end. 
It then returns in the course of the smaller curvature, makes 
iis appearance again at the aperture, in its descent into the 
great curvature, to perform similar revolutions. 

** Such I have ascertained to be the revolutions of the con- 
tents of the stomach, from being able to identify particular por- 
tions of food, and from the fact, that the bulb of the thermo- 
meter, which has been frequently introduced during chymifica- 
tion, invariably indicates the same movements. These revolu- 
tions are completed in from one to three minutes. They are 
probably induced, in a gteat measure, by the circular or trans- 
verse muscles of the stomach, as indicated by the spiral motion 
of the stem of the thermometer, both in descending to the 
pyloric portion, and ascending to the splenic. These motions 
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are slower at first than after chymification has considerably 
advanced. 

‘¢ While these revolutions of the contents of the stomach are 

“wprogressing, the trituration or agitation is also going on. 
There is a perfect admixture of the whole ingeste during the 
period of alimentation and chymification. There is nothing of 
the distinct lines of separation between old and new food, and 
peculiar central or peripheral situation of crude, as distin- 
guished from chymified aliment, said to have been observed by 
Philip, Magendie, and others, in their experiments on dogs and 
rabbits, to be seen in the human stomach, at least in that of 
the subject of these experiments. The whole contents of the 
stomach, until chymification be nearly complete, exhibit a he- 
terogeneous mass of solids and fluids; hard and soft; coarse 
and fine ; crude and chymified ; all intimately mixed, and cir- 
culating promiscuously through the gastric cavity, like the 
mixed contents of a closed vessel, gently agitated, or turned in 
the hand. 

“Ifa mouthful of some tenacious food be swallowed, after 
digestion is considerably advanced, it will be seen passing the 
opening to the great curvature; and in the course of about one 
and a half or two minutes it will reappear, with the general 
circulating contents, more or less broken to pieces, or divided 
into smaller pieces, and very soon loses its identity. This agi- 
tating motion has the effect, and is undoubtedly designed, to 
break up the bolus, as well as to separate the external and 
chymified portion of the particles of food, and allow the undi- 
gested portions to come in contact with the gastric juice, their 
proper solvent. If the motions were simply revolutionary, the 
central portions would retain their situation until the outer, or 
chymified part, had passed into the duodenum in successive 
parcels ; which, it is evident, would very much retard the pro- 
cess of digestion. 

‘As the food becomes more and more changed from its crude 
to its chymified state, the acidity of the gastric fluids is consi- 
derably increased ; more so in vegetable than animal diet; and 
the general contractile force of the muscles of the stomach is 
augmented in every direction; giving the contained fluids an 
impulse towards the pylorus. 

‘It is probable, that from the very commencement of chy- 
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mification —- from the time that food is received in the stomach 
—until that organ becomes empty, portions of chyme are con- 
stantly passing into the duodenum, through the pyloric orifice, 
as the mass is presented at each successive revolution. I infg. 
this, from the fact that the volume is constantly decreasing. 
This decrease of volume, however, is slow at first; but is ra- 
pidly accelerated towards the conclusion of digestion, when the 
whole mass becomes more or less chymified. This accelerated 
expulsion appears to be effected by a peculiar action of the 
transverse muscles, or rather of the transverse band, as de- 
scribed by Spallanzani, Haller, Cooper, Sir E. Home, and 
others, in their experiments on animals. This band is situated 
near the commencement of the more conically-shaped part of 
the pyloric extremity, three or four inches from the smaller end. 
In attempting to pass a long glass thermometer tube, through 
the aperture, into the pyloric portion of the stomach, during 
the latter stages of digestion, a forcible contraction 1s first per- 
ceived at this point, and the bulb is stopped. In a short time, 
there is a gentle relaxation, when the bulb passes without dif- 
ficulty, and appears to be drawn, quite forcibly, for three or 
four inches, towards the pyloric end. It is then released, and 
forced back, or suffered to rise again; at the same time giving 
to the tube a circular or rather spiral motion, and frequently 
revolving it completely over. These motions are distinctly in- 
dicated, and strongly felt, in holding the end of the tube be- 
tween the thumb and finger; and it requires a pretty forcible 
grasp to prevent it from slipping from the hand, and being 
drawn suddenly down to the pyloric extremity. When the 
tube is left to its own direction, at these periods of contraction, 
it is drawn in, nearly its whole length, to the depth of ten 
inches; and when drawn back, requires considerable force, and 
gives to the fingers the sensation of a strong suction power, 
like drawing the piston from an exhausted tube. This ceases 
as soon as the relaxation occurs, and the tube rises again, of 
its own accord, three or four inches, when the bulb seems to be 
obstructed from rising further; but if pulled up an inch or two, 
through the stricture, it moves freely in all directions in the 
cardiac portions, and mostly inclines to the splenic extremity, 
though not disposed to make its exit at the aperture. 

“Above the contracting band, and towards the splenic por- 
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tion of the stomach, the suction or grasping motion is not per- 
ceptible; but when the bulb is pushed down to this point, it 
is distinctly felt to be grasped, and confined in its move- 
pnents. 

‘‘ These peculiar motions and contractions continue until the 
stomach is perfectly empty, and not a particle of food or chyme 
remains; when all becomes quiescent again. 

‘‘If the bulb of the thermometer be suffered to be drawn 
down to the pyloric extremity, and detained there for a short 
time, or if the experiment be repeated too frequently, it causes 
severe distress, and a sensation like cramp, or spasm, which 
ceases on withdrawing the tube, but leaves a sense of soreness 
and tenderness atthe pit of the stomach. 

‘‘ These peculiar contractions and relaxations, mentioned 
above, succeed each other, at irregular intervals, of from two 
to four or five minutes. Simultaneously with the contractions, 
there is a general shortening of the fibres of the stomach. This 
organ contracts upon itself in every direction, and its contents 
are compressed with much force. The valvular portion of the 
stomach is firmly thrust into the aperture; closing the orifice ; 
preventing the egress of aliment; and obstructing the view of 
the interior. During the intervals of relaxation, the rugee per- 
form their vermicular actions, the undulatory motions of the 
fluids continue, and the alimentary and chymous mass appear, 
revolving as before, promiscuously mixed, through the splenic 
and cardiac portions. 

‘ All these facts, taken together, will, I think, rationally 
admit of the following explanation. The longitudinal muscles 
of the whole stomach, with the assistance of the transverse ones 
of the splenic and central portions, carry the contents into the 
pyloric extremity. The circular or transverse muscles contract 
progressively, from left to right. When the impulse arrives at 
the transverse band, this is excited to a more forcible contrac- 
tion, and, closing upon the alimentary matter and fluids, con- 
tained in the pyloric end, prevents their regurgitation. The 
muscles of the pyloric end, now contracting upon the contents 
detained there, separate and expel some portion of the chyme. 
It appears that the crude food excites the contractile power of 
the pylorus, so as to prevent its passage into the duodenum ; 
while the thinner chymified portion is pressed through the 
valve into the intestine. After the contractile impulse is carried 
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to the pyloric extremity, the circular band, and all the trans- 

verse muscles, become relaxed, and a contraction commences 

in a reversed direction, from right to left, and carries the con- 

tents again to the splenic extremity, to undergo similar revoy’ 
lutions. 

“It would appear, then, that the discharge of the chyme 
from the stomach is effected by mechanical impulse. But I 
confess I do not like to give an opinion. I state the circum- 
stances as they have occurred. The idea of mechanical force, 
I admit, is liable to objection; but, perhaps, not more so than 
that of the selecting power of the pylorus. Whatever bias I 
may have in favour of the former method, has been forced upon 
me by the deductions of experiment and observation.” 

As a last extract from Dr. Beaumont’s valuable book, I give 
the following experiment. 

‘*Aug. 7. At 11 o’clock, a. m., after having kept the lad 
fasting for seventeen hours, I introduced the glass tube of a 
thermometer (Fahrenheit’s) through the perforation into the 
stomach, nearly the whole length of the stem, to ascertain the 
natural warmth of the stomach. In fifteen minutes, or less, 
the mercury rose to 100°, and there remained stationary. This 
I determined by marking the height of the mercury on the 
glass with ink, as it stood in the stomach, and then withdraw- 
ing it, and placing it on the graduated scale again. 

‘‘T now introduced a gum-elastic (caoutchouc) tube, and 
drew off one ounce of. pure gastric liquor, unmixed with any 
other matter, except a small proportion of mucus, into a three 
ounce vial. I then took a solid piece of boiled, recently salted, 
beef, weighing three drachms, and put it into the liquor in the 
vial; corked the vial tight, and placed it in a saucepan, filled 
with water, raised to the temperature of 100°, and kept at that 
point, on a nicely-regulated sand bath. In forty minutes di- 
gestion had distinctly commenced over the surface of the meat. 
In fifty minutes the fluid had become quite opaque and cloudy ; 
the external texture began to separate and become loose. In 
sixty minutes chyme began to form. 

‘At lo’clock, p. Mm. (digestion having progressed with the 
same regularity as in the last half hour), the cellular texture 
seemed to be entirely destroyed, leaving the muscular fibres 
loose and unconnected, floating about in fine small shreds, very 
tender and soft. 
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‘At 3 o'clock, the muscular fibres had diminished one half, 
since last examination, at 1 o’clock. 

‘¢ At 5 o’clock, they were nearly all digested; a few fibres 
mly remaining. 

“At 7 o’clock, the muscular texture was completely broken 
down ; and only a few of the small fibres floating in the fluid. 

« AtY o’clock, every part of the meat was completely di- 
gested. 

‘The gastric juice, when taken from the stomach, was as 
clear and transparent as water. The mixture in the vial was 
now about the colour of whey. After standing at rest a few 
minutes, a fine sediment, of the colour of the meat, subsided to 
the bottom of the vial. 

“At the same time that I commenced the foregoing experi- 
ment, I suspended a piece of beef, exactly similar to that in the 
vial, into the stomach, through the aperture. 

‘¢ At 12 o’clock, m., withdrew it, and found it about as much 
affected by digestion as that in the vial; there was little or no 
difference in their appearance. Returned it again. 

“At 1 o’clock, p.m., I drew out the string; but the meat 
was all completely digested, and gone. 

‘“‘ The effect of the gastric juice on the piece of meat, sus- 
pended in the stomach, was exactly similar to that in the vial, 
only more rapid after the first half hour, and sooner completed. 
Digestion commenced on, and was confined to, the surface 
entirely, in both situations. Agitation accelerated the solution 
in the vial, by removing the coat that was digested on the sur- 
face; enveloping the remainder of the meat in the gastric fluid; 
and giving this fluid access to the undigested portions.” — 
Experiments and Observations on the Gastric Juice, and the 
Physiology of Digestion. By W. Beaumont, M. D., Surgeon 
in the U. S. Army. Boston. 1834. 


CHAPTER IX. 
SECTION Ii. 


AN important contribution to anatomy has recently been made 

by Professor Ehrenberg: it is to be found in the Transactions 

of the Berlin Academy for-1834, printed in February 1836. 
The medullary substance of the neryous system is finally 
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determined to be tubular, the character of the tubes varying in 
different parts. 

The cortical substance appears to consist of a finely-granular 
soft substance, in which numerous larger corpuscles are dige’ 
posed. The large corpuscles are free; they are resoluble into 
smaller ones: the finer granules appear strung on filaments like 
beads. 

The nature of these seeming strings of beads is explained in 
the first of the following propositions, which are a summary of 
Professor Ehrenberg’s discoveries. 

1. The substance of the brain consists 
neither of globules, nor of simple filaments, 
but of tubes from ss to sess of a line in dia- 
meter, ampullated, laid parallel, and not 
branching. These tubes, becoming coarser, 
converge towards the base of the brain and 
the ventricles. They are individually not 
connected by cellular tissue: they are pro- 
duced to form the spinal cord. Ehrenberg 
calls these tubes articulated tubes. Ampul- 
lated nerve tubes is perhaps a better desig- 
nation. 





3. The spinal cord of man and vertebral animals consists of 
similar ampullated tubes: they are disposed parallel to each 
other: the larger are external, the finer internal. The external 
larger tubes are continuous with the cylindrical tubes, of 
which the spinal nerves consist. 

4. The first, second, and auditory nerves, consist of similar 
ampullated nerve tubes. The tubes are not all of the same 
size: they are largest, and the ampulle are proportionately 
less, in the auditory nerve. In the olfactory, the ampulle are 
most numerous and irregular. These three nerves are called, 
by Ehrenberg, articulated nerves. The sympathetic nerve com- 
bines ampullated nerve tubes with cylindrical nerve tubes. 

5. In the ampullated tubes of the brain, spinal cord, and 
articulated nerves, there is found a transparent glutinous liquid, 
the liquor nerveus: it is not demonstrably granular. A visible 
motion of this fluid .is not ascertainable; but its slow propul- 
sion is probable. | 7 

6. All the other nervous trunks consist not of ampullated 
thas het are made um of cviindrical tubes, something coarser 
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than the others, grouped in fasciculi sur- 
rounded with membrane. They are conti- 
nuous with the ampullated tubes of the 
wpinal cord and brain. The change of figure 
is immediate and sudden, and takes place 
coujointly with the assumption of a cellular 
tissue. These cylindrical tubes, which pre- 
sent the extremes of largeness and fineness 
in invertebral animals, are found in them 
from ds to revs of a line in diameter. In 
vertebral animals, they are commonly from riv to wav of a line 
in diameter. They contain a peculiar granular, as it were coa- 
gulated, medullary pith, which may be squeezed out of them, 
leaving them empty. Ehrenberg calls these nerve tubes. A 
better term perhaps would be cylindrical nerve tubes. 

7. Nervous substance consists therefore of two constituents ; 
of ampullated or articulated tubes containing liquor nerveus, 
and of cylindrical tubes containing a pith. 

8. The brain contains none of this pith. 

9, 10. The double cord of articulated animals is principally 
composed of nerve tubes, containing a very small proportion of 
ampullated tubes with blood particles. 

12. Almost all the extremities of the nervous system (least 
so, however, in the ear) are involved in a dense vascular network, 
and contain detached and scattered granules of a larger size, 
the magnitude of which bears a relation to the magnitude of 
the blood particles, 

12. The structure of the retina has hitherto been described 
erroneously. The granular medullary layer, which forms the 
anterior surface of the retina, is clothed and penetrated by a 
network of vessels from the central artery: behind it lies the 
expansion of the optic nerve, which consists of ampullated 
canals, and is divisible into a peripheral cortical, and a central 
medullary substance. Some scattered corpuscles and plates 
are laid between them. The connection of the latter with the 
ampullated tubes of the nerves is not yet ascertained. 

The blood particles consist in vertebral animals, as Hewson 
observed, of a middle colourless corpuscle, resembling the chyle 
corpuscles, and a red homogeneous envelope. To invest the 
lymph corpuscles with that envelope, appears to. be the object 
of the vascular and respiratory systems. In no vertebral ani- 
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mals, but in many — perhaps in most — invertebral animals, the 

envelope of the blood particles is wanting *. The nuclei of the 

blood particles consist of still smaller sphericles; which in 

mammalia are svrs of a line in diameter, but in invertebrals arg” 
smaller. These three elements of the blood are best shown in 

amphibia, where the particles are larger, and the envelope of 

the nuclei is at once larger in proportion, and separates in water 

much faster than the nucleus decomposes. The number of 

blood particles is directly proportionate to the number of am- 

pullated tubes in the nervous system of animals. 

At the terminations of the nervous structure, colourless cor- 
puscles of larger size make their appearance. These have been 
already spoken of in connection with the cortical substance of 
the brain. They are found again in the retina. In the brain 
and in the retina of frogs, Ehrenberg observed particles of 
blood (arranged like beads upon a string) much smaller and 
paler than elsewhere: they had lost part of their envelope. 
He conjectures, that possibly the free corpuscles in the end- 
ings of the nervous substance may be nuclei of blood par- 
ticles. 

In some of the terminations of nerves prismatic corpuscles are 
met with. Such are found in the retine of frogs and fish ; while 
globular corpuscles are found in the Schneiderian membrane. 

The smallest visible anastomosing capillaries are considerably 
larger than the ampullated nerve tubes, among which they 
are distributed. A great many branches of blood-vessels appear 
to have free ends, at least they do not anastomose; but the 
ends themselves have as yet eluded observation. 

The ganglions present some varieties of structure. All have 
this in common, that they contain ampullated nerve tubes ; 
which either, as in. the commissure of the optic tracts, form 
the whole structure; or, as in the ganglions of the sympa- 
thetic, are mixed with cylindrical nerve tubes and corpuscles 
such as are found in the retina, and in the cineritious sub- 
stance of the brain. The last fact favours greatly the old idea 


* Thus it appears, that the central part of a blood particle, which to 
Dr. Young appeared a shallow depression on a flat surface, is a nucleus 
or interior corpuscle, Thia appearance, which I have repeatedly verified, 
may arise from the nucleus shrinking in drying. Of course it is now to be 
presumed, that the seeming central depression, which I vbserved in pus 
particles, isa nucleus like that of blood particles. 
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fwhich Magendie’s experiment of destroying the Gasserian 
ganglion physiologically confirms], that the ganglions are little 
brains, or originators. In the ganglions of the spinal nerves 
in birds, Ehrenberg observed large, irregular, globular particles, 
more like the molecules of the thymus gland. In the gan- 
glions, the ampullated nerve tubes become larger, but not so 
large as the cylindrical nerve tubes. 

The observations of Professor Ehrenberg were made with a 
compound microscope. The power which he found it most con- 
venient to use, as allowing of more light than higher powers, 
magnified from 350 to 360 diameters. The nervous substance 
should be examined as recently as possible. ‘To make sec- 
tions of the brain,” he observes, “ I use a double-edged, thin, 
broad, and pointed knife; and cut by drawing it. The 
thinnest slice of brain so cut off, I place upon a small plate of 
glass with a needle or the point of a knife. Then, by a vertical 
section, I cut off from its edge, where thinnest and most per- 
fect, the narrowest strip I can obtain. This fine strip I imme- 
diately examine with the microscope as it is, without using 
water or pressure. I then lay upon it a small plate of glass, 
about five lines in breadth, and a third of a line in thickness.” 
By this means equable pressure may be made upon the frag- 
ment, so as to spread it out to a greater breadth. The fragment 
is then in a convenient state for further examination. A drop of 
water upon the fragment does not dissolve it, and sometimes 
produces a useful view. An horizontal motion of the upper piece 
of glass on the lower completely deranges the structure. When 
irregular corpuscles and globules make their appearance, the 
observer may conclude that he has used too much pressure, 
and broken down the natural structure. 


CHAPTER IX. 
SECTION VI. 


In page 260, I have attributed to Mr. Newport more than he 
claims as his own in his valuable contributions to the Philoso- 
phical Transactions. The existence of the ganglionic or peri- 
phericar, and ganglionless or axial portion of the double cord 
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of articulated animals, was made out by Miiller; and the spe- 
cific offices of the two were conjectured (and it still remains a 
conjecture, though a felicitous and highly probable one) by 
Dr. Grant. 

The two smaller fasciculi, superimposed upon the motor fas- 
ciculi, have been described by Mr. Newport alone. They are 
not the analogues of the sympathetic. The visceral nerves, in- 
cluding the sympathetic, have been described by Swammer- 
dam, Lyonnet, Cuvier, and others. ° 

The argument in page 260 is therefore right, although the 
illustrations advanced are in some points erroneous. 


CHAPTER X, 
SECTION VI. 


Tue sense of touch, it is stated in the text, page 320, has its 
finest development at the extremities of the fingers, the lips, 
the tongue. 

Professor Weber has published some interesting experiments 
on the differences observable in the accuracy of this sense on 
different surfaces. Where touch is acutest, the contact of two 
points (e. g. those of a pair of compasses) is felt to be double, 
when they touch two closely-adjoining points of the surface. 
Elsewhere, to produce a double impression, the two points 
applied must be more remote. The following table gives the 
nearness at which, on different surfaces, two simultaneous con- 
tacts are first distinguishable to be two. 


Lines 
The tip of the tongue ........sesccsssecssssccrecccccceves } 
The tip of the finger ........cssecesseccecvccescrsveeenes 1 
The red surface of the lips........scssscessssceecceseves 2 
The anterior surface of the second phalanx......... 2 
The back of the third phalanx ..........c.sesseeeesees 3 
The tip of the nose .......scscsecseccscccccsccscccscnceees 3 
The back of the tongue ........cscesesscerececececsesces 4 
The part of the lips not red ........sseseeee salteiewwenns 4 
The point of the great toe ...... dsleGnnaslengnaeeas teense 5 


The back of the second phalanx of the fioger seonee & 
The middle of the palm of the hand..........s000 5 
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Lines. 
The hard palate ....sssccssccereeeecssoes escukeaeeear eens 6 
The 2ygoma......ssccssocsescceesceccscesvesseveccsaseores 7 
The back of the knuckles of the hand ...........s00. 8 
The inner surface of the lips ........sssereesssevereones 9 
PRG TOLG GAGs ic5cheeooncs eSesseeecasassebeatasadendneeeseds 10 
The OCCIput ......scccccrccceccscccnsscsccsccsccscsssseces » 12 
The back of the hand...........ccccovcrecvceccescceconcs 14 
The neck below the Chitr ......c.scsscsccvccccccsscceces 18 
The knee-pan and the neighbouring surface ....... 16 
The Sacrum ..cccccccsccees piece paw sauaauesdocexecasecuesenes 18 
The breast- Dine: csckssedcengesecebedsseedsesaevsanesccenss 18 
The lumbar vertebrae ....ccccocccccccscvccccveccvecesenes 24 
The middle of the upper arm....ec.sssecrecoessessoenes 20 
The middle of the thigh.......csccssscrecvevsesvscsveres 30 


If the points of a pair of compasses are applied to the cheek 
immediately before the ear, one above the other, and the in- 
strument is then drawn with its points in contact with the skin 
to the angle of the mouth, the compasses are felt as if they 
were progressively opening. Upon the limbs, a smaller trans- 
verse distance is appreciable than a longitudinal one. 

Professor Weber made parallel observations as to weights, 
the part experimented on being passive; and found that a lighter 
weight, on a part with higher sensibility to contact, seemed as 
heavy as a heavier weight on a duller surface. 

In respect to temperature, he found that the quantity of 
surface affected influenced the impression. If one finger is 
introduced into a vessel of warm water, and the other hand 
is introduced into another a little less warm, the latter seems to 
be immersed in the warmer fluid. — Archiven fiir Anatomie, &c. 
von Dr. Johannes Muller. 1835. Heft. i, p. 152. 


CHAPTER X. 
SECTION IX. 


Ir appears satisfactorily proved, that the acuteness of percep- 
tion which birds evince, whether in discovering food, or in 
tracing their way home, is through sight. To establish the first 
of these points, I shall quote some observations by Audubon. 

‘« My first experiment,” says Audubon, “ was as follows: — 
I procured a skin of our common deer, entire to the hoofs, 
and stuffed it carefully with dried grass until filled rather 
above the natural size — suffered the whole to become perfectly 
dry, and as hard as leather — took it to the middle of a large 
open field — laid it down on its back with the legs up and 
apart, as if the animal was dead and putrid. I then retired 
about a hundred yards, and in the lapse of some minutes, a 
vulture, coursing round the field tolerably high, espied the 
skin, sailed directly towards it, and alighted within a few 
yards of it. Iran immediately, covered by a large tree, until 
within about forty yards, and from that ‘place could spy the 
bird with ease. He approached the skin, looked at it with 
apparent suspicion, jumped on it, raised his tail, and voided 
freely (as you well know all birds of prey in a wild state gene- 
rally do before feeding),— then approaching the eyes, that 
were here solid globes of hard, dried, and painted clay, at- 
tacked first one and then the other, with, however, no farther 
advantage than that of disarranging them. This part was 
abandoned ; the bird walked to the other extremity of the pre- 
tended animal, and there, with much exertion, tore the stitches 
apart, until much fodder and hay was pulled out; but no flesh 
could the bird find or smell: he was intent on discovering some 
where none existed ; and, after reiterated efforts, all useless, he 
took flight and coursed about the field, when, suddenly wheel- 
ing round and alighting, I saw him kill a-small garter-snake, 
and swallow it in an instant. The vulture rose again, sailed 
about, and passed several times quite low over the stuffed 
deer-skin, as if loth to abandon so good-looking a prey. Judge 
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of my feelings, when I plainly saw that the vulture, which 
could not discover, through its extraordinary sense of smell, 
that any flesh, either fresh or putrid, existed about that skin, 
could at a glance see a snake, scarcely as thick as a man’s 
finger, alive, and destitute of odour, hundreds of yards distant. 
I concluded, that, at all events, his ocular powers were much 
better than his sense of smell. 

‘«¢ Second experiment. —I had a large dead log hauled some 
distance from the house, and put into a ravine, about twenty 
feet deeper than the surface of the earth around it, narrow and 
winding much, filled with briars and high cane. In this I 
made the Negroes conceal the hog, by binding cane over it, 
until I thought it would puzzle either buzzards, carrion-crows, 
or any other birds to see it, and left it for two days. This was 
early in the month of July, when, in this latitude, a dead body 
becomes putrid and extremely foctid in a short time. I saw 
from time to time many vultures, in search of food, sail over 
the field and ravine in all directions; but none discovered the 
carcass, although during this time several dogs had visited it, 
and fed plentifully on it. I tried to go near it, but the smell 
was so insufferable when within thirty yards, that I abandoned 
it, and the remnants were entirely destroyed at last through 
natural decay. 1 then took a young pig, put a knife through 
its neck, and made it bleed on the earth and grass about the 
same place; and, having covered it closely with leaves, also 
watched the result. The vultures saw the fresh blood, alighted 
about it, followed it down into the ravine, discovered by the 
blood the pig, and devoured it, when yet quite fresh, within my 
sight.”’ 

The following account of the carrier pigeon, which shows 
sufficiently on what sense it relies, I gathered by inquiries from 
a very intelligent person who deals in birds. 

Carrier pigeons, of which the Dutch is the best breed, are 
thus trained :—At eight to ten weeks of age they begin to run, 
or to make flights of from four to five hours from the nest.: 
They are then strong enough on the wing to eommence their 
education. The pigeon to be trained is first taken no greater 
distance than a mile from home, and tossed into the air: whea? 
after flying round and round, and rising some height intethe 
air, it wings its way back. This lesson is repeated "br six 
times in as many days. The bird is then carried to tye"distance 
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of two miles, and tossed. This lesson is repeated twice. The 
bird is next carried three miles, and tossed; and this lesson is 
likewise repeated two or three times. The bird j is then car ried 
six miles, and then twelve, then twenty-four, then forty-eight, 
then ninety-six, and so on, in a geometrical ratio. Each of 
these lessons is given once only. The longest flight that a 
carrier-pigeon has been known to make is 800 miles. In so 
long a flight, the bird is supposed to pitch at night and roost, 
renewing its flight the following day. 

When a trained carrier-pigeon is tossed, after making one or 
more circles it rises in a rapid spiral to an enormous height, 
before it takes its departure, and at that height it is supposed 
to pursue its journey. The speed of the Antwerp birds, which 
are lighter and more finely made than the English breed, is 
supposed to be a mile a minute. They are more extensively 
used than is supposed in financial transactions: one eminent 
speculator at Antwerp keeps 1,200 pigeons. The value of a 
pair of well-trained Dutch birds is five pounds. 

The feats of these birds, when they are used for moderate 
distances, are certainly effected directly through vision: the 
birds see their way. They rise sufficiently high to command a 
view of distant known objects, which their fine sight enables 
them to recognize at immense distances. If their sight is 
baffled, they lose their way ; so, if they set off in foggy weather, 
they are sometimes two, three, or four days, or even a week, in 
making a passage which would otherwise occupy a few hours 
only: sometimes, under these circumstances, they never reach 
home. 

It is evident that at greater distances (on the rule of training 
described already) there must be something more than direct 
vision to guide them; they must rely upon recollected direc- 
tion as well as upon the sight of recollected objects; or they 
must employ some general ideas of direction, in which, perhaps. 
the position of the sun may help them, in addition to the sigh 
of known terrestrial objects. 

They are taught one lesson only, and can make but on 
journey; that is to say, they can only find their way hom 
along the road which they have studied. 


CHAPTER XII. 
SECTION I. 


Proressor Wacner, of Erlangen, has published an account 
of the generation of the spermatic animalcule, or cercariz se- 
minis, in birds. 

There are three elements, he states, in the seminal secretion 
of all animals, —a homogeneous liquid, corpuscles of different 
form and magnitude, and the seminal animalcule. 

In the contents of the testis of the yellowhammer, in winter, 
thereis found asmall quantity of liquid containing corpuscles, from 
uév to yoo Of a line in diameter. In the spring these corpuscles 
present themselves under various appearances. Among them 
are groups of the cercarie: the latter are contained in thin 
bladders, round or oval: the smallest ss of a line in diameter ; 
others ¢s. The cercarie are individually fine threads with a 
corkscrew extremity: they are disposed parallel to each, and are 
folded at their middle, the straight end upon the corkscrew end. 

Professor Wagner shows reason for supposing the corpuscles 
to be the source of the groups of cercaria. They are seen 
to be filled with little molecules. These are probably rudiments 
of cercariez. The corpuscles enlarge from zis to ao of a line in 
diameter. ‘The largest observed contain molecules, which have 
a disposition to assume a linear form. In the vas deferens these 
intermediate ones are not found; the cercarie only and the 
minuter corpuscles appear there. 

There 1s great interest in these observations. They show 
that the cercaria is an animal, growing by a process of gradual 
formation like the animals which produce it. The obvious ap- 
plication of the fact, is to elucidate the production of other en- 
tozoa. The latter are probably natural formations of other 
organs.— Archiv. fur Anatomie, von D. Miiller, 1836, p. 225. 


CHAPTER IX. 
SECTIONS II, UI, IV. 


Unper the name of “reflex function of the spinal cord,” 
Dr. M. Hall has investigated a principle, which was explicitly 
laid down in my Anatomical Commentaries, published in 1823 
[Part II, page 138], in the following words :— 

‘‘ An influence may be propagated ftom the sentient nerves 
of a part to their correspondent nerves of motion, through the 
intervention of that part alone of the nervous centre, to which 
they are mutually attached. Thus in vertebral animals, in which 
alone the fact 1s questionable, when the spinal cord has been 
divided in two places, an injury of the skin of either region is 
followed by a distinct muscular action in that part. Again: 
if the brain is quickly removed from the head of a pigeon, 
leaving only the crura cerebri, together with the tubercles anc 
the second and third nerves, on pinching the second nerve, th 
iris contracts.” 

The same view and the same facts, carefully distinguishec 
from the agency of sensation and volition, have been put for. 
ward in the former editions (as in the present) of my Outline: 
of Physiology. 

The facts, which Dr. M. Hall has added to the knowledg 
existing on this subject long before he wrote, are, that afte 
the spinal cord of a turtle has been divided, its sphincter an 
continues to act; and that in a frog made tetanic by strych 
nine, division of the cord, in the back and in the neck, leave 
each part tetanic. 

These facts, valuable in themselves, are likewise good exem 
plifications of the principle above laid down. But their excel 
lence, as examples, does not authorize Dr. M. Hall to affirn 
in 1833, that the independent power of the spinal cord “ha 
never been accurately distinguished from sensation and vol 
tion ;” which he asserts in a paper in the Philosophical Tran: 
actions for that year, wherein he claims that distinction, an 
the principle it inyolves, as a discovery. 
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‘‘ The information contained in the present volume is at the same time 
so complete, so much condensed, and so clearly arranged, that we conceive 
it ought to be in the hands of every student of physiology, and of every 
one who wishes to obtain a just view of the structure of the human frame, 
the uses of its various organs, and the nature of animal bodies gene- 
rally.”—Edinburgh Medical Review, July 1834. 


OUTLINES OF PATHOLOGY ; 


Comprising an account of the changes which take place in 
the different organs of the human body during disease, and 
after local injury; for the most part exemplified by cases, 
with their treatment. 


‘In barely more than a page, we find condensed nearly all that is cer- 
tainly known of the pathology of dropsy. We cannot forego the pleasure 
of presenting our readers with this passage,”’ &c. 


** The section devoted to hernia is very luminous in its descriptions, 
and sound in its practical applications. Many very valuable precepts upon 
the treatment of hernia are added.” 


“*We cannot afford space for noticing the diseases of joints, the de- 
scription of which, as of other subjects of surgical pathology, the author 
conducts with even more than usual ability.”’—Forbes’s Medical Review, 
January 1837. 
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